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Phosphorus ( I I I )-n i t r o g e n  compounds a re  norm ally  r e f e r r e d  
to  as e i t h e r  amine o r phosphin© d e r iv a t iv e s .  For exam ple, th e  
compound:
Ph E t
^ P  N/ / / //  \Ph E t
may be d e sc rib e d  e i t h e r  as d ip h en y lp h o sp h in o d ie th y l amine or 
d ie th y l  em inodiphenylphosphine. N e ith e r  th e  d e s ig n a tio n
p h o sp h (II I)a z a n e  (p u t fo rw ard  by Shaw as a b a s is  fo r  th e
nom encla tu re  o f th e s e  compounds), no r th e  form o f  d e s ig n a tio n
b a se d  on th e  o r ig in a l  a c id s  has been w idely  adopted. The 
phosphine-am ine system  a lso  has i t s  l i m i t a t i o n s ,  e s p e c ia l ly  in  
th e  ca se  o f  lo n g e r  ch a in  unsym m etriea lly  s u b s t i tu te d  m o lecu le s . 











w hich was one o f  th e  compounds p repared  in  t h i s  p r o je c t ,
/ i s  very
i s  v e ry  d i f f i c u l t  to  d e sc r ib e  and i t  was found co nven ien t to  
adop t a t r i v i a l  system  o f  n o m encla tu re . The ever in c re a s in g  
co m p lex ity  o f  P ( I I I ) -N  system s 7d l l  no doubt in v o lv e  fu tu re  
a u th o rs  more and more in  th e  u se  o f  t r i v i a l  names to  d e sc r ib e  
t h e i r  sy stem s.
C H A P T E R  1 .
G E N E R A L  S U R V E Y .
GENERAL SURVEY
The ch em istry  o f  p h o s p h o ru s ( I I I )-n it ro g e n  system s d a tes  
back  t o  th e  end o f  th e  n in e te e n th  c e n tu ry , when M ich ae lis  f i r s t  
in v e s t ig a te d  th e  r e a c t io n s  o f phosphorus t r i c h lo r id e  w ith  a 
number o f  prim ary and secondary  am ines. I t  i s  only w ith in  th e  
l a s t  te n  y e a r s ,  how ever, th a t  th e se  compounds have re c e iv e d  any 
g r e a t  a t t e n t io n ,  b u t d u rin g  t h i s  com paratively  s h o r t  tim e p rog ress 
h a s  been ex trem ely  ra p id  due to  co n s id e ra b le  improvements in  
h a n d lin g  te c h n iq u e s  and th e  a v a i l a b i l i t y  o f p h y s ic a l methods o f 
i n v e s t i g a t i o n .
Compounds c o n ta in in g  a P ( I I I ) -N  bond are  g e n e ra l ly  
s y n th e s is e d  by th e  e l im in a tio n  o f hydrogen c h lo r id e  betv/een an 
am ine and a ch lo ro p h o sp h in e , R ^ u s i n g  e i th e r  excess amine or 
a  t e r t i a r y  amine as hydrogen c h lo r id e  accep to r .*






/ la * .
2.
l a . .  CLASSIFICATION
P rev io u s  au th o rs  have c l a s s i f i e d  amino phosphines according ' 
t o  th e  s k e l e t a l  arrangem ent o f  phosphorus and n itro g e n  atom s. 
However, t h i s  o f te n  means p la c in g  two compounds o f w idely  
d i f f e r i n g  p ro p e r t ie s  in  th e  same c la s s  e .g .  Me2N~Hle2 and 
M epN-PC^, th e  l a t t e r  having two r e a c t iv e  c h lo r in e  atoms a tta c h e d  
t o  phosphorus. A system  o f c l a s s i f i c a t i o n  has th e re fo re  been 
ad o p ted  whereby compounds c o n ta in in g  p o te n t ia l ly  r e a c t iv e
g ro u p in g s , e .g .  FNH-. or have been se p a ra te d  from th o se
v/hich have bo th  th e  phosphorus and n itro g e n  atoms f u l l y  
x
s u b s t i t u t e d .  In  d e a lin g  w ith  th e  p re p a ra tio n  o f am inophosphines, 
no  s t r i c t  system  w i l l  be adhered to ,  s in c e  very  o f te n  only s l i g h t  
changes in  th e  n a tu re  o f  th e  r e a c ta n t s , o r in  th e  s to ic h io m e try  o f 
th e  r e a c t io n  m ix tu re , g iv e  p roducts  which are  chem ica lly  very  
u n a l ik e  o r have a d i f f e r e n t  P-H framework. Table I  shows 
exam ples o f th e  v a rio u s  c la s s e s  o f compounds th e  p ro p e r t ie s  o f 
w hich w i l l  be d isc u sse d  l a t e r .
x The e x p re s s io n  " f u l ly  s u b s t i tu te d "  w i l l  be used  th ro u g h o u t 
t o  d e s c r ib e  compounds which do n o t c o n ta in  e i th e r  a 
P -C l o r  an N_H l in k a g e .
TABLE I
F u l ly  s u b s t i tu te d  am inophoschines
PhP (NMe2 ) 2 
P (M e2 )^
N
{Fn2P )2^ t  
Me . P. Me
N '  /  '  N







Aminophosphines c o n ta in in g  th e  NH-linkage 
(C F ^P N E g





















Aminophosphines c o n ta in in g  th e  P-C j l inkage 
(Me2N)2IC l






















lb .. FULLY SUBSTITUTED &MGPHQ5BlIflES
F u lly  s u b s t i tu te d  am inophosphines, on account o f t h e i r  
r e l a t i v e l y  h igh  s t a b i l i t y  to  m o istu re  and h e a t ,  a re  by f a r  
th e  m ost w idely  s tu d ie d  o f the^compound3 c o n ta in in g  a P(III)«~I'J 
bond . The s im p le s t members o f t h i s  c la s s  a re  p repared  d i r e c t ly  
by th e  e l im in a tio n  o f  one m olecule o f hydrogen c h lo r id e  bety/een 
a  seco n d ary  amine and. a m onochlorophosphine, R9FCl, u s in g  e i th e r  
ex ce ss  amine or a t e r t i a r y  amine as hydrogen c h lo r id e  a c c e p to r . 
I n  t h i s  way, hydrogen c h lo r id e  i s  co n v en ien tly  removed as th e  
s o l i d  amine h y d ro c h lo rid e . I t  i s  e s s e n t i a l  in  am inophosphine 
sy n th e se s  to  use d ry , i n e r t  so lv e n ts  and to  c a r ry  ou t th e  
r e a c t io n  in  an i n e r t  atm osphere (u su a lly  to  reduce th e  
p o s s i b i l i t y  o f h y d ro ly s is  and o x id a tio n . Benzene, e th e r  and 
' n -p e n ta n e  have proved u s e fu l so lv e n ts  s in c e  they  can r e a d i ly  be 
d r ie d  (Ua o r K w ir e ) ,  e re  f a i r l y  u n re a c tiv e  tow ards s t a r t i n g  
m a te r ia l s  and products and from which th e  ■'unwanted amine hydro­
c h lo r id e  i s  p r e c ip i ta te d .
In  th e  case  o f weahly b a s ic  and /or h ig h ly  h in d e re d  am ines, 
i t  i s  o f te n  n ece ssa ry  to  r e a c t  th e  sodium s a l t  o f  tn e  amine •■1 th
17
th e  c h lo ro p h o sp h in e , e .g .
PhpUUa + PhpFU l--------- PhgP—^xh 2 T UaCl
Longer chain  and branched chain  aminophosphines can be p repared  
by s im i la r  m ethods, e .g .
Me^N
(C F p 2PiM2 + !C F p2P C l ---------------------------------------- + Me3NH+Cl~ 3
E GP3 )2]0 2 ffl,a + - ------- -> [(C F 3 )2i ] 3N + HaCl 3
PhPCl2 + /ffitgNH ----------- > PhP(NEt2 )g + 2E t2ffi2C l" 5
p c i 3 + 6Hs2ffl ------------- > ( l l e ^ l y  + 3a e 2i'M2C l“ 7
A m inochlorophcsphines, R2UK)12 and ( i y O p ^ l ,  have r e c e n tly  
p roved  u s e fu l  s t a r t i n g  m a te r ia ls  in  th e  sy n th e s is  o f f u l l y  
s u b s t i tu t e d  am inophosphines. A lk y la tio n  o f th e  P-Cl bond 
h a s  been achieved  by th e  use o f o rganom eta llic  re a g e n ts  such as 
n - b u t y l l i t h i u m , ^ , ‘^  aluminium a l k y l s a n d  a lk y l magnesium 
h a l id e s
Abel and co-w orkers have dem onstrated  th e  use o f 
s i la z a n e s  in  aminophosphine sy n th e se s , e .g .
3E t2N.SiLle^ + PCl^ - > (Et2N)^P + 3Aoj3iCl
T rim e th y lc h lo ro s ila n e  i s  conv en ien tly  removed from th e  r e a c t io n  
m ix tu re  by d i s t i l l a t i o n .  In  th e  re a c tio n  o f phosphorus 
t r i c h l o r i d e  w ith  E t^ S ille^ Jp *  th e  same workers have succeeded 
i n  i s o l a t i n g  p roducts  o f  m olecular form ulae (PUClEt)^ Q-ftd (PUClLt)^.. 
These a re  isom eric  w ith  th e  a lk y l s u b s t i tu te d  p n o s p n o n itr i l ic
/ tr im e r
■5.
t r im e r  and te tra m e r  r e s p e c t iv e ly , b u t do n o t cossess th e  s tro n g  band 
- I
a t  I 25O cm. in  th e  in f r a - r e d  which i s  c h a r a c te r i s t i c  o f  th e  
P=N a b so rb tio n . On t h i s  b a s is ,  th ey  were assigned  th e  s t r u c tu r e s :
Cl Cl E t
s t  P E t E t P — JN. Cl
1 1  1 1
PV\  P\  N\
C l Cl c /  ' ^ N ---- ^ E t
I I I
E t E t Cl
The co rrespond ing  re a c t io n  o f PCl^ w ith  M©^  (SiMo^) 2 gave 
th e  four-membered r in g  sp e c ie s :
Ci— -P--------* N-Me
Me.—  -P-Cl
R eac tio n  o f  PCl^ w ith  prim ary amines le ad s  to  a v a r ie ty  o f 
p ro d u c ts  depending on th e  n a tu re  of th e  amine employed ( see
13S e c t io n  I d . ) .  With t e r t i a r y  buty lam ine, th e  p ro d u c t, on 
th e  b a s is  o f  in f r a - r e d  and m olecu la r w eight s tu d ie s  has been
a ss ig n e d  th e  c y c l ic  s t r u c tu r e :
ButiH
I • tP— Bu
* * — -■*— F t
W ith m ethylam ine, ’ however, th e  p roduct was found to
have th e  com position P ^ ^ ie ^ .  Cryoscopic m olecular w eight 
m easurem ents in  benzene were com patible w ith  th e  form ula 
w h ile  the . 'H n .m .r .  spectrum  c o n s is te d  on ly  o f a t r i p l e t .  A ll
th e  d a ta  a re  in  accord w ith  a s t ru c tu re  analogous to  t h a t  o f 
phosphorus (I I I ) o x id e , •’
A nother ty p e  o f b rid g ed  c y c lic  s tru c tu re ^  i s  o b ta in ed  by 
t r a n s a m in a t io n  o f t r i s (dim ethylam inolphosphine vrlth  
1 , 2-d im ethy lhydrazone h y d ro c h lo r id e :
7.
P (I1 M eg) ^  -r M©NH . NlIMe. H C1
l o .  GENERAL REACTIONS OF Alvlli'iOPHOSPHIifBS
The n u c le o p h ilic  and e le c .tro p h ilic  s u b s t i tu t io n  r e a c tio n s  
o f  am inophosphines a re  b a s ic a l ly  those  o f a lk y l o r a r y l  
s u b s t i tu t e d  phosphines although th e  presence o f th e  n it ro g e n  
a tcm (s) d oes, to  some e x te n t ,  a f f e c t  th e  degree o f r e a c t i v i t y  
(s e e  S e c tio n  I f . ) .  A summary o f t h e i r  ty p ic a l  r e a c tio n s  i s  
g iv e n  i n  Table 2 .
/TABLE 2 .
(R^PWR^JgMo, W(CO)
R PGR" -r R'LH<-
HCl
m ,
■AnLinophospnines a re  o x id ised  by a number o f o x id is in g  agen ts 
25 - 24
l ° 3 > MnOg, H202 ) and r e a c t  exotherm ic a l ly  w ith  e lem en ta l
1"7 26
s u lp h u r .  ’ With a lk y l io d id e s , 5 ’28 th e  p roduct i s  th e  
pnospnonium - and n o t th e  ammonium— s a l t ,  They behave as good 
CT-donors in  complex fo rm ation  w ith  e le c tro n  d e f ic ie n t  m olecules 
such as boron h y d r i d e s . W i t h  t r a n s i t io n  m etals th e re  i s  a lso  
t h e  p o s s i b i l i t y  o f back donation  from th e  m e ta l d - o r b i ta ls  to  th e  
em pty 3 a - o r b i t a l s  o f s u i ta b le  symmetry on phosphorus by aT f-type 
i n t e r a c t i o n .  The P-U bond i s  a lso  s u s c e p tib le  to  c leav ag e  by 
n u c le o p h il ic  a t ta c k  a t  phosphorus and, as a r e s u l t ,  am inophosphines 
r e a c t  w ith  aqueous a c i d s , a l c o h o l s ^  and h a l id e  i o n .29
Q
When two phosphorus atoms are  bridged  by n it ro g e n , e .g .
Ph E t Ph
p ------ ] j -------- ;
Ph Ph
t h e  r e a c t i v i t y  a t  phosphorus i s  l i t t l e  a f fe c te d . (Table 3)* orle
n o ta b le  ex cep tio n  i s  th e  re a c t io n  w ith  a lk y l io d id e s  which le ad s  
t o  c u a te rn is a t io n  o f  on ly  one phosphorus atom. T neories have been 
p u t forw ard to  account fo r  th i s  apparen t anomaly and th e se  7/ i l l  be
d isc u sse d  in  S ec t io n  I f .
At th e  s t a r t  o f th i s  s tu d y , aminophosphines c o n ta in in g  th re e
phosphorus atoms a l te r n a t in g  w ith  n itro g e n  in  a chain  had n o t been
/  s tu d ie d
TABLE 3





P h ^P (0 )N (E t).P (0 )P n 2 <=—  ---- - Ph2P— N— PPhg---------- >Pn2P(S) .N (Et)P(S)Ph,
Mo^(GO)6 m c i2 .6h2o
Ph,


























had  been s y n th e s is e d ,
Xc\. MINQPHOSPrllNES COrlTAIilldQ- THE N Ji LINKAGE
■Aminophosphines c o n ta in in g  th e  lin k a g e  are  p repared  by
th e  r e a c t io n  o f ch lo ro p h o sp h in es  w ith  ammonia or prim ary am ines.
They a re  g e n e ra l ly  th e rm a lly  u n s ta b le  and undergo co n d en sa tio n
w ith  e l im in a tio n  o f amine and fo rm atio n  o f polym eric and c y c l ic
s p e c ie s .  For t h i s  re a so n , few compounds in  t h i s  c la s s  a re  known.
One o f  th e  e a r l i e s t  examples o f t h i s  the rm al i n s t a b i l i t y  was
found i n  th e  p ro d u c ts  o f th e  r e a c t io n  o f phosphorus t r i c h lo r id e
32
v /ith  l i q u id  ammonia. Moureu and W etroff s tu d ie d  t h i s  r e a c tio n  
i n  d e t a i l  and proposed  th e  fo llo w in g  r e a c t io n  sequence as th e  
r e a c t io n  m ix tu re  was allow ed to  warm up:
p c i ^  * 31^  — p [ m 2  > p(nh j ( m 2 ) -------------- > p2 [ m  e t c .
P U 'tP )^  has n o t been i s o la te d  f r e e  from ammonium c h lo r id e  although
33 >34
th e  a d d i t io n  p rod u c t (M 2 )3PBH3 ’ has been 7<re11 c h a ra c te r is e d .
Phosphorus im ide-am ide-^ P{r-IH) (i'JHp) has been p repared  by th e
o
r e a c t io n  o f  phosphorus t r i c h lo r id e  v/ith  l iq u id  ammonia a t  -  20 
i n  e th e r .  I t s  p ro p e r t ie s  su g g es t i t  to  be polym eric w ith  th e  
p ro b a b le  s t r u c t u r a l  u n i t :
The re a c t io n  o f  PCl^ w ith  prim ary amines le ad s  to  a v a r ie ty  
o f  p ro d u c ts  depending on th e  n a tu re  o f th e  amine employed. A 
summary o f th e se  r e a c t io n s  i s  g iven  in  Table 4 .  Two p o s s ib le  
mechanisms can be p u t forw ard to  account fo r  th e  fo rm ation  o f th e  
condensed  sp ec ie s .'
(a )  Replacem ent o f th r e e  c h lo r in e  atoms by am ino-groups fo llow ed  
by d eam in a tio n , o r
(b ) R eplacem ent o f  two c h lo r in e  atoms fo llow ed  by e l im in a tio n  
o f  hydrogen  c h lo r id e .
The n a tu re  o f  th e  p roducts  o b ta in ed  does n o t appear to  depend 
on th e  b a s i c i t i e s  o f th e  amines employed and hence a mechanism 
r e ly in g  m ain ly  on s t e r i c  f a c to r s  i s  proposed to  account fo r  th e  
o b s e rv a tio n .
The p rocess  o f  c h lo r in e  rep lacem ent may be co n sid ered  to  ta k e  
p la c e  s te p w ise , i . e .
RNH2 M 2
PC l^ + EKH2  > C l2KTiR-------------ClP (rUR) 2 ---------- -> P^rHR)^
As th e  s t e r i c  req u irem en ts  o f  th e  e n te r in g  amrne group in c re a s e ,  
so  rep lacem en t o f th e  t h i r d  c h lo r in e  atom becomes more d i f f i c u l t  
and a  com peting r e a c t io n  in v o lv in g  th e  amine as hydrogen c h lo r id e  
a c c e p to r  s e ts  in ,  i . e .
t a b  bn. 4 .
REACTIONS OF PRIMARY ANINES YMIH PCl 
-       2
R e fe re n c e .
MeN'Hg P4 N6Me6 22,23
EtNHg --------------------- —> (p:<Et.NHEt)2? 13
Bvt m 2 ----------------------—>
, t  t  . 
(PNBu .NHBu )2 13
PCl^ + Ph NtP, ---- :----------------- (PNPh.MIPh)2 36,37 j
o ~ and p -  MeOC^H^Nr^ * (PNR.NHR^ 37
PhCSgNEg --------------------- —* PlNHCHgPh)^ 15
1
ch2 = ch .ch 2i'M2 --------------- p(M ifcCH2CH=CH2 )5 11 li
M e lC H g J u ^ P(I«(CH2 )u Me) 3 38 |
Thus amines w ith  bulky groups a t  th e  n itro g e n  atom, l i k e  Ph,
° “  and PJ l e 0C6H4  ^  But r e a c t  by mechanism (b ) to  g iv e  th e  
im ide-am ide system , whereas m ethylam ine, benzylam ine, a l ly la m in e , 
and dodecylam ine t o t a l l y  re p la c e  th re e  c h lo r in e  atoms to  g iv e  
s p e c ie s  o f  th e  type  W ith-the ex cep tio n  o f  P(Wtf.CH2CH=CH2 ) ,
th e  l a t t e r  group undergo therm al decom position w ith  amine 
e l im in a t io n .
No pure compound has been ob ta in ed  from th e  re a c t io n  o f 
e th y l  amine w ith  phosphorus t r i c h lo r id e  bu t th e  a n a ly s is  f ig u re s  
su g g e s t th e  im ide-am ide s t r u c tu r e .
In  an a ttem pt to  p rep are  c y c lic  am inophosphines by th e  
a c t io n  o f  h e a t on d i(a lky lam ino )pheny lphosph ines (PhP(NH3)2 ) ,
Lane and Payne^ observed  in s te a d  th e  i n t e r e s t i n g  rearrangem ent
p r o c e s s :
.140-160°
2PnP(NHP)2 --------------- > i (P h P )4 + PhP(NR) (iiIR ) 2 +
^>24 h r .
Condensed 3p ec ies  were a lso  formed bu t as y e t  t h e i r  com positions
13.
a r e  ti-TilcKtown. A r a d ic a l  mechanism has been prooosed "to account 
f o r  th e  rea rran g em en t r e a c t io n .  Aminophosphines o f th e  ty p e  
Fn?(NHR) a re  g e n e r a l ly  more th e rm a lly  s ta b le  th an  th e  ?(NHR}0
^ 3
s p e c ie s  and can be d i s t i l l e d  w ith o u t a g r e a t  d e a l o f  change a t
o -2te m p e ra tu re s  in  th e  re g io n  o f  80  ( l 0  mm.).  (p re se n t work) .
D iphosphinoam ines o f  th e  ty p e  (Pr^P^N R3 have been 
s y n th e s is e d  by th e  a c t io n  o f  h e a t  on a lky lam inodiphenylphosoh ines 
(PhgPNHR).
200°
2Pn2ENHR ------------- ------------ > ( P h ^ J ^ R  + RhK2
10 mm.
A gain , p u r i f i c a t i o n  o f  th e  s t a r t i n g  m a te r ia ls  can r e a d i ly  be
©
a c h ie v e d  by d i s t i l l a t i o n  in  vacuum a t  te m p era tu res  below 120 .
The th e rm a l s t a b i l i t y  o f PAH compounds appears to  depend 
t o  a g r e a t  e x te n t on th e  number o f  AHR groups a tta c h e d  to  
phosphorus (see  above) and a lso  on th e  e le c t r o n e g a t iv i ty  o f  th e  
s u b s t i tu e n t s .  Thus th e  compound (C P ^ ^ 'f H p ^  orl0 0^ ^ ne  ^ev/ 
am inophosphines knovnn c o n ta in in g  th e  P - n ^  g ro u p in g . In  i t s  
p r e p a ra t io n  from and i t  shows no tendency  to  r e a c t
w ith  f u r th e r  m olecules o f  ( C F ^ f C l  and can be d i s t i l l e d
/unchanged
unchanged a t  67 • This would su g g est a mechanism o f co n d en sa tio n
in v o lv in g  a t ta c k  by n itro g e n  on th e  am ino-hydrogen o f a second 
m o le c u le  o f am inophosphine:
An in c re a s e  in  th e  e l e c t r o n e g a t iv i ty  o f  th e  groups a tta c h e d  to  
n i t r o g e n  would th u s  te n d  to  i n h i b i t  condensation  p rovided  a t ta c k  
by n it ro g e n  i s  th e  r a t e  de term in ing  s te p .  E le c tro n  w ithd raw al 
from  n itro g e n  in  th e  case  o f (CF^jpP^Hp i s  a t t r ib u te d  to  lone  p a ir  
d e lo c a l i s a t io n  in to  th e  phosphorus d - o r b i ta l s  which have been 
c o n tra c te d  s u f f i c i e n t ly  (see S ec tio n  I f . )  by th e  in f lu e n c e  o f  th e  
h ig h ly  e le c tro n e g a tiv e  CF^ groups to  o v e rlap  w ith  th e  n it ro g e n  
^ - o r b i t a l .
The i n a b i l i t y  o f (C F^JpP^p re a c ^ wi t h  more (C F^^PC l
•I Q
c o u ld  be ex p la in ed  in  an analogous manner. I t  i s  a lso  p o s s ib le  
t h a t  th e  n o n - r e a c t iv i ty  o f  th e  amino hydrogen atoms i s  sim ply due 
t o  th e  p resence o f  s tro n g  F . . . H . . . N  hydrogen bonds which are  though t 
t o  be p re s e n t in  th e  vapour phase.
The r e a c t io n  o f b is(d ipheny lphosph ino)am ine w ith  
d i jh e n y lc h lo ro p h o s p h in e ^  does n o t le ad  to  th e  expected  p rod u c t 








i s  o b ta in e d  and th e  mechanism i s  p ro b ab ly  analogous to  t h a t  pu t 
fo rw a rd  to  account f o r  th e  fo rm a tio n  o f te tra p h e n y ld ip h o sp h in e  
m onoxide from d ip h en y lch lo ro p h o sp h in e  and vrater in  th e  p resence
o f  t r i e th y la m in e :40








-> PhgPtOjPPhg + E ty H +Cl“
The p ro to n  m ig ra tio n  (2 ) from oxygen to  phosphorus i s  an 
e s ta b l i s h e d  phenomenon^’^  and i t  would appear t h a t  th e  same can 
ap p ly  to  th e  P — ^  system :
Ph H Ph















l e . . HALOG-EHO ( MIHO ) E'HOSKilNES
K alogeno& minophosphines, and a re  p repared  by th e
r e a c t io n  of* p h o s p h o ru s ( I I I ) h a l ia e s  w ith  amines in  s to ic h io m e tr ic  
p r  o p o r t i  o n s , e .g .
PCl^ t  4R2NH --------------- > (R2N)2B3l + 2R2^ 2 +C l’*
D im ethylam inochlorophosphines have a lso  been p repared  by th e  a c tio n  o f
14- 4.0hydrogen c h lo r id e  o r phosphorus t r i c h lo r id e  on tr is (d im e th y la m in o }—
p h o sp h in e , e .g .
1 PCl^  ■*, M e^PCl^ + ( k e ^ ^ P C l
The ha logen  s u b s t i tu e n ts  in  halogenonm inophosphines a re  r e a d i ly  d isp la c e d
-  14-i n  n u c le o p h il ic  a t ta c k  a t  phosphorus by e .g .  CN f H2O and am ines.
Replacem ent o f  c h lo r in e  (o r brom ine) by f lu o r in e  can be ach ieved  w ith
44a  number o f f lu o r in a t in g  agen ts such as zinc  f lu o r id e ,  antimony
t r i f l u o r i d e  and sodium f lu o r i d e . ^ *^1 H alogen a d d itio n  re a c tio n s
14may a lso  ta k e  p la c e , e .g .
(M e p ^ ^ -^ r  T ®r 2 ------------- * jj^ e2A^  2^ r 2 | ’^r  *
The n u c le o p h ilic  c h a ra c te r  o f th e  phosphorus atom in  halogenoam ino-
phosphines i s  somewhat d im in ished , presum ably as a r e s u l t  o f th e
e le c t r o n  w ithdraw ing e f f e c t s  o f th e  a tta c h e d  halogen atom s. Thus, t r i s -
48(d im ethylam ino)phosphine re a c ts  e x o th e rm ic a lly  w ith  su lp h u r whereas
and re q u ire  to  be warmed w ith  th e  re a g e n t b e fo re
s u lp h u ra t io n  o ccu rs . R eac tions w ith  m ethyl io d id e ^ f o l lo w  th e  same p a t te r n .
The u s e fu ln e s s  o f  halogenoam inophosphines in  th e  sy n th e s is  o f 
f u l l y  s u b s t i tu te d  aminophosphines has a lre ad y  been d isc u sse d .
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IX*- FilOSPHORUSUMITHO^ SY STILLS
A c o n s id e ra tio n  o f th e  o u te r  e le c t ro n ic  c o n f ig u ra tio n  o f  
phospnorus ^3S > 3p )  find H und's ru le s  su g g es ts  t h a t  th re e  
p -bonds a re  r e a d i ly  formed le a d in g  to  s ta b le  t e r v a le n t  d e r iv a t iv e s .  
Bond ang les  o f  betw een $0 and 100  (app rox im ate ly ) su g g es t t h a t  
t h e r e  i s  l e s s  h y b r id is a t io n  in  p h o s p h o ru s ( I I I ) compounds th a n  in  
amines which g e n e ra lly  have bond ang les c lo se  to  t e t r a h e d r a l .  
F orm ation  o f  a c* -bond between phosphorus and n itro g e n  u s in g  sp^ 
h y b r id  o r b i t a l s  o f  v a ry in g  s -c h a ra c te r  w i l l  th u s  le a d  to  th e  
i n t e r e s t i n g  s i tu a t io n  whereby bo th  phosphorus and n it ro g e n  possess 
a lo n e  p a i r  o f e l e c t r o n s .
In  o rd e r  to  dec ide  which o f th e se  lo n e  p a ir s  w i l l  
p a r t i c i p a t e  in  n u c le o p h ilic  r e a c tio n s  i t  i s  n ece ssa ry  to  co n s id e r
ejl
f i r s t  th e  atom ic energy le v e ls  o f phosphorus and n it ro g e n  (P ig . l ) .
The f a c t  t h a t  th e  3s -3p p rom otional energy i s  l e s s  th a n  th e  
2 s~2p su g g es ts  im m ediately  t h a t  phosphorus r a th e r  th an  n it ro g e n  w i l l  
p a r t i c ip a t e  in  n u c le o p h il ic  r e a c tio n s  le a d in g  to  4 -c o o rd in a tio n  
u s in g  s ta b le  sp^ h y b rid  o r b i t a l s  in  bonding. F u rth erm o re , th e  
lo w er 3s~3d p rom otional energy o f phosphorus means t h a t  th e  
c o n t r ib u t io n  o f h ig h e r  energy le v e ls  w i l l  be g r e a te r  th a n  in  
n i t r o g e n  and hence th e  phosphorus atom i s  more p o la r i s a b le .  T h is ,
o
co u p led  -ffith th e  g r e a te r  co v a le n t ra d iu s  o f  phosphorus ( l . lO  A as
/ a g a in s t
•18.
o
a g a in s t  O .7O A fo r  n itro g e n )  le ad s  to  a c o n s id e ra b le  re d u c tio n  in
th e  r e p u ls io n  energy on th e  approach o f  a n u c le o p h ile  and
c o n seq u en tly  n u c le o p h il ic  s u b s t i tu t io n  r e a c t io n s  a t  phosphorus
"w ill be f a c i l i t a t e d .
In  o th e r  v/-ords, th e  chem ical r e a c tio n s  o f am inophosphines
p a r a l l e l  to  a g r e a t  e x te n t  th o se  o f ,  say , a lk y l  o r a ry l  s u b s t i tu t e d
p h o sp h in e s . A s t r i k i n g  example o f t h i s  i s  th e  r e a c t io n  o f
20
dm m ethylam ino-dim ethylphosphine w ith  m ethyl io d id e  which le ad s  to  
fo rm a tio n  o f th e  phosphonium r a th e r  th an  th e  ammonium s a l t :
The e x a c t n a tu re  o f  th e  bonding in  am inophosphines i s  fo r  
th e  p re s e n t  a m a tte r  o f  some c o n je c tu re ,  a lthough  i t  has been
bond ing  in v o lv in g  th e  v acan t J d -  o r b i t a l s  on phosphorus and th e  
Pz o r b i t a l  on n it ro g e n .  C a lc u la tio n s  have shown t h a t  3d o r b i t a l s  
a re  to o  d if fu s e  fo r  s ig n i f i c a n t  o v e rlap  although  th e  o v e r la p  in te g r a l
th e  p re sen ce  o f h ig h ly  e le c tro n e g a tiv e  groups a t ta c h e d  to  phosphorus 
c o n fe rs  c o n d i t io n a l  s t a b i l i t y  on th e  3d - o r b i t a ls  and th e  1T -c h a ra c te r
i n  th e  C=C bond, i s  w e ll e s ta b l is h e d .  N itro g en , b e in g  one o f  th e  
m ost e le c tro n e g a t iv e  e lem en ts , m ight w e ll be expected  to  p a r t i c ip a te  
i n  if -b o n d in g  w ith  phosphorus and th e re  i s  c o n s id e ra b le  ev idence
4 ,5 ,2 7 ,7 0
t h a t  th e re  may be some degree o f  (p —* d )f fp roposed
52 . „
in c r e a s e s  w ith  in c re a s in g  p o s i t iv e  charge on phosphorus. Hence
3 - . 53o f  th e  P -0  bond i n ,  fo r  example, th e  PO^ io n ,  a lthough  le s s  th a n
/  fo r
19*
f o r  (p > d) I T  bonding in  c y c l ic  phosphazenes and in  p h o so h in im in es ,
,54
However, th e  p o s i t io n  i s  hy no means so c l e a r  in  am inophosphines 
due m ain ly  to  th e  la ck  o f P ( I I I ) -N  bond le n g th  d a ta .  Bond energy 
da ta?5  a re  a lso  r a th e r  l im ite d  and n o t e n t i r e ly  c o n c lu s iv e , b u t 
perhaps th e  main d i f f i c u l t y  l i e s  in  th e  complex n a tu re  o f th e  
m o lecu le s  which have been s tu d ie d .
In  c o n t r a s t ,  th e  e x te n t o f (p -—> d )  rr bonding in  s i l i c o n -  
n i t ro g e n  ch em istry  has re c e iv e d  a g r e a t  d e a l o f a t te n t io n  r e c e n t ly  
and has been th e  s u b je c t  o f  some co n tro v e rsy . R andall and co - 
workers-^ have r e la te d  d co u p lin g  c o n s ta n ts  to  th e  amount o f
s~ c h a ra c te r  o f th e  n i t ro g e n  bonding o r b i t a l s  and make th e  assum ption 
t h a t  t h i s  s - c h a r a c te r  should  in c re a s e  w ith  ( p — >d ) tt bonding 
betw een n itro g e n  and s i l i c o n  s in c e  t h i s  in te r a c t io n  r e q u ire s  th e  
u s e  o f  a  n it ro g e n  o r b i t a l  w ith  la r g e r ,  perhaps p u re , p - c h a ra c te r .  
E x p erim en ta l o b se rv a tio n s  on N _ tr im e th y ls i ly la n i l in e  le d  to  th e  
co n c lu s io n  t h a t  th e  geom etry around n itro g e n  v/as approx im ate ly  
t e t r a h e d r a l ,  which on th e  above assum ption su g g es ts  l i t t l e  ( p — > d ) ' i T  
c h a r a c te r .
However, E b s w o r t h ^  has proposed t h a t  s ig n i f i c a n t  o v e rla p  
betw een th e  lone p a ir  ox e le c tro n s  on n itro g e n  and th e  s i l i c o n  
d - o r b i t a l s  i s  p o s s ib le  even when th e  n it ro g e n  atom i s  sp^ 
h y b r id i s e d .
Cowley and P i n n e l l ^  have noted th a t  th e  co u p lin g  c o n s ta n t over
/ t h r e e
20.
t h r e e  cnem ical bonds ) i s  l a r g e r  th a n  th e  co u p lin g  c o n s ta n t
o v er two chem ical bonds (Jpcy ) in  compounds o f  th e  ty p e  
RP(CH^),U{CH^)R' and have pu t forw ard one p o s s ib le  e x p la n a tio n  
in v o lv in g  (p.— * d )f fo v e r la p  between a f i l l e d  n it ro g e n  2p o r b i t a l  
and an empty phosphorus 3d o r b i t a l .  They a lso  p o in t o u t th a t  
t h i s  e f f e c t  may be cue to  th e  h ig h e r  e le c t r o n e g a t iv i ty  o f  n it ro g e n  
in d u c in g  more s - c h a r a c te r  in  th e  C—11 bonds o f  th e  m ethyl group 
th a n  does phosphorus.
I t  i s  perhaps w orthw hile to  examine th e  s t r u c tu r e s  o f  a few
am inophosphines c o n ta in in g  4 -c o o rd in a te d  phosphorus s in c e  th e
p o s s i b i l i t y  o f ( p  >d)TT in te r a c t io n s  i s  in c re a se d  by in c re a s in g
th e  p o s i t iv e  charge on phosphorus. A l i s t  o f such compounds i s
g iv e n  in  T able p*
28Compound I  i s  o f g r e a te s t  i n t e r e s t  s in c e  i t  c o n ta in s  both a 
P ( I I I )  and a P(IV) c e n t r e .  The P ( I I I )~ ^  bond d is ta n c e  o f  1 .83  -  
O.O3 h. i s  c lo se  to  th e  th e o r e t ic a l  sum o f th e  c o v a le n t r a d i i  o f 
phosphorus and n itro g e n  ( l . 8p -^). Thai th i s  bond has le s s  
s - c h a r a c te r  th a n  th e  P(IV )-if bond i s  shown by th e  sm a lle r  ang le  a t  
P ( I I I )  (102* -  0 .7 ° ) .  The angle a t  n i t ro g e n  o f 111.1 i  1 .6  )
i s  c lo s e  to  th e  t e t r a h e d r a l  v a lue  and as such would te n d  to  r u le  o u t
( p  > d ) t f  c h a ra c te r  in  th e  P(IV)-N  and th e  P ( I I I ) - ^  bonds, b u t as
h as  a lre a d y  been p o in ted  out by Ebsw orth, n o n -p la n a r i ty  a t  n it ro g e n  
does n o t n e c e s s a r i ly  p ro h ib i t  (p — » d )ff  in t e r a c t io n s .  I t  m ight a lso
/b e
TABLE Ej.
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be argued t h a t  th e  d if fe re n c e  in  P—N bond le n g th s  in  t h i s  compound 
can  be a t t r ib u t e d  to  th e  d if fe re n c e s  in  h y b r id is a t io n  a t  th e  two 
phosphorus atcms though th i s  seems u n lik e ly  in  view o f  th e  
m agnitude o f th e  e f f e c t .
E v idence in  favour o f  (p— ->d)Tf in te r a c t io n s  comes from th e
f a c t  t h a t  whereas in  t h i s  compound on ly  th e  m ono-alkyl io d id e  adduct
58
i s  form ed, th e  m ethylene b rid g ed  d iph o sp h in e , (Fr^P)2CH2 , can 
r e a d i ly  add two mo^es o f a lk y l io d id e . One e x p la n a tio n  i s  t h a t  
th e  4 -c o o rd in a te  phosphorus i s  s t a b i l i s e d  to  some e x te n t  by 
c o n t r ib u t io n s  from th e  fo llo w in g  resonance h y b rid :
be e l e c t r o s t a t i c a l l y  u n fav o u rab le . I t  i s  u n lik e ly  t h a t  th e  e f f e c t  
o f  p o s i t iv e  charge d e lo c a l i s a t io n  i s  c a r r ie d  d i r e c t ly  to  th e  second 
phosphorus atom in  view o f th e  long  P ( I I I ) -N  bond. However, i t  i s  
p o s s ib le  t h a t  in  t h i s  case  th e  high e le c t r o n e g a t iv i ty  o f n it ro g e n  
d e c re a se s  th e  r e a c t iv i t y  a t  P ( I I I )  by a p u re ly  in d u c tiv e  e f f e c t .
28
The r e l a t i v e l y  sm all ang les a t  n i t ro g e n  in  compounds I I  and I I I  
su g g e s t t h a t  th e  lone  p a ir  o f e le c tro n s  have c o n s id e ra b ly  more
s —c h a ra c te r  than  in  compound I ,  and (p  >d)ff in t e r a c t io n s  w itn
th e  3 d—o r b i t a l s  on phosphorus 7fOuld tn e r s f o r e  seem an u n l ix e ly  




The in t ro d u c t io n  o f a second p o s i t iv e  charge a t  P ( I I I )  would thus
/  and
and v /a lk er wno reco rd ed  1111.10 d if fe re n c e  between "the carbony l 
a b s o rp tio n  fre q u e n c ie s  o f (Ph2P)HEt.Mo (C0)4 and (Ph2P )2CH2 .M0 (CO)4 .
However, th e  P-N bond d is ta n c e  in  I I  and I I I  i s  com parable 
vyith th e  P(IV)-N d is ta n c e  in  compound I  and i t  would appear t h a t  
n i t r o g e n  bond ang le  d a ta  alone canno t be used  to  p r e d ic t  th e  
n a tu r e  o f  th e  P-N bonding .
^ *|
In  compounds IV, V and VI th e  P—N bond d is ta n c e  ten d s
54 © ’tow ards th e  v a lu e  found in  c y c l ic  phosphazenes (1 .5 -1 .6  A). I t
i s  d o u b tfu l w hether P(V)-N d is ta n c e s  can be - re la te d  d i r e c t ly  to  
P(IV}~N d is ta n c e s  b u t to  a f i r s t  approx im ation , th e  e x te n t  o f 
( p —~>d)fT in te r a c t io n s  in  compounds I ,  I I  and I I I  m ust be co n s id e re d  
t o  be sm a ll. In  view o f t h i s  i t  seems l i k e ly  th a t  (p~—>d)Tf 
i n t e r a c t io n s  in  th e  f r e e  am inophosphines w i l l  be s l i g h t .  However, 
i t  m ust be em phasised th a t  any deductions made a t  th e  moment reg a rd in g  
th e  n a tu re  and e x te n t  o f (p d)JT bonding in  am inophosphines must 
be h ig h ly  s p e c u la t iv e .
Aid lh Q  PHQ b P riIH E  C C-.iPLICXES
Compounds 01 pnospoorus (I I .l ) g e n e ra lly  behave as s u i te
s tro n g .L ev /is  btises in  complex fo rm ation  w ith  e le c tro n  d e f ic ie n t
29m o lecu le s  such as boron h y d rid es  o r h a l id e s .  With t r a n s i t i o n  
m e ta ls ,  th e r e  i s  a lso  th e  p o s s i b i l i t y  o f back donation  from th e  
m e ta l d - o r b i t a ls  to  th e  v acan t 3d - o r b i ta l s  o f s u i ta b le  sym netry 
on phosphorus by a (d —>d)tf- in t e r a c t io n .  The a v a i l a b i l i t y  o f  th e
3 d - o r b i t a l s  appears to  depend to  a g r e a t  e x te n t  on th e  e l e c t r o ­
n e g a t iv i ty  o f  th e  groups a tta c h e d  to  phosphorus. Thus, only  PP^ 
ap p ea rs  to  compare w ith  carbon monoxide in  i t s  a cc ep to r c a p a c ity  
and com plete s u b s t i tu t io n  o f carbon monoxide has been ach ieved  
w ith  molybdenum h e x a c a rb o n y l^  and n ic k e l  c a rb o n y l .^ 0 The s tro n g ly  
e le c t r o n  w ithdraw ing  f lu o r in e  s u b s t i tu e n ts  have th e  e f f e c t  o f 
re d u c in g  th e  donor p ro p e r t ie s  o f phosphorus and in c re a s in g  the  
a c c e n to r  cao s-c ity . Complete s u b s t i tu t io n  o f CO can a lso  be ach ieved  
i n  n ic k e l  ca rb o n y l u s in g  th e  b id e n ta te  l ig a n d , e tn y le n e b is  
(d ip h en y lp h o sp h in e ) . ^
■ I t  i s  n o t e n t i r e ly  c le a r  why th e  p ro p e r t ie s  o f t h i s  l ig a n d
sh o u ld  d i f f e r  so much from PhoP which forms only  th e  d ic a rb o n y l
64
complex (Ph^Pjp^ilC O jg. I n g e n e ra l a lk y l  and a ry l s u b s t i tu te d  
m onophosphines can re p la c e  up to  two m olecules o f carbon monoxide 
from  n ic k e l  ca rb o n y l and th re e  from Group VIb c a rb o n y ls . This may 
be due to  e i th e r  (a) th e  xx)orer accep to r c a p a c ity  o f th e  phosphorus 
3 d - o r b i t a l s  in  th e se  compounds as compared to  th e  ppp o r b i t a l s  in  CO, 
o r  (b) th e  s t e r i c  req u irem en ts  o f th e  l ig a n d s ,  o r (c) a 
com bination  o f b o th .
In  th e  re a c t io n s  o f am inophosphines w ith  Group VIb c a rb o n y ls , 
o n ly  d i - s u b s t i t u t i o n  appears to  be p o s s ih le ,  e .g .
2 (H©2N)^P + Mo(CO)g  ^ J U f e g f l 2-^° (CO)4«
(Ph2P ) 2rffit + ilo(CO)g  -------------- > (Ph2P )2®t.-W o(C0)4  59
66 . 46
Replacem ent o f amino groups by c h lo r in e  o r f lu o r in e  can ofoen
r e s u l t  in  f u r th e r  s u b s t i t u t i o n  even a lthough  th e  e le c t r o n e g a t iv i ty
-67 68o f  c h lo r in e  and n it ro g e n  are  com parable. I t  has been -suggested >
/  t h a t
t h a t  th e  acc ep to r c a p a c ity  o f th e  phosphorus 3d - o r b i t a l s  tow ards
th e  c e n t r a l  m eta l atom in  am inophosphine complexes i s  d im in ished  by
p a r t i c ip a t io n  o f  th e  n it ro g e n  pz o r b i t a l  in  {p—*d ) f f  in t e r a c t io n
68w ith  phosphorus* This i s  in  p a r t  supported  by th e  f a c t  t h a t  th e  
c a rb o n y l a b so rp tio n  fre q u e n c ie s  in  th e  complex § e 2N) 2P c l ] 2Ni(C0 ) 2 
a re  a p p re c ia b ly  h ig h e r  th a n  in  th e  tr is (d im e th y lam in o )p h o sp h in e  
complex [(Me^N) ^ (C(5) p *
59Payne and W alker, in  an a ttem p t to  d e te c t  (p—* d ) r f  i n t e r ­
a c t io n s  in  th e  complex ( i h ^ E ^ E t  *Mo (C0)4  compared CO a b so rp tio n  
f re q u e n c ie s  w ith  th o se  o f  (Ph2P )2CH2 .Mo(C0 )4^  and found t h a t  th e re
was no s ig n i f i c a n t  d if f e re n c e .  This would su g g es t t h a t  th e  acc ep to r 
c a p a c i ty  o f  th e  two phosphorus atoms has n o t been g r e a t ly  a f fe c te d  
by th e  p resen ce  o f th e  n itro g e n  atom. However, in  t h i s  p a r t i c u la r  
exam ple, th e re  i s  co m p etitio n  fo r  th e  lo n e  p a i r  o f  e le c tro n s  on 
n i t r o g e n  between two phosphorus atoms and th e  e f f e c t  o f  o v e rla p  w ith  
th e  3 H -o rb ita ls  i s  p robably  to o  sm all to  be d e te c te d  in  th e  
c a rb o n y l a b so rp tio n  frequency .
/ *r t \ 5 ,6 S  . /TT \ 6 8•Aminophosphine complexes o f  m ercury v l I J ,  cadmium
5 67n ic k e l  ( I I ) ,  pallad ium  ( I I )  and c o b a lt ( I I )  * a re  r e a d i ly  p repared  
by m ix ing  s o lu tio n s  o f  th e  r e a c ta n t s • H eating  i s  n o t norm ally  
re q u ire d  and in  th e  case  o f th e  t r a n s i t i o n  m etal complexes th e  
p r e p a ra t io n s  are  c a r r ie d  out a t  low te m p era tu res  s in c e  th e  p roducts  
te n d  to  decompose cn s tan d in g  in  t h e i r  s o lu tio n s  a t  tem p era tu res
g r e a t e r  th a n  0  . The ready  fo rm atio n  o f and therm al i n s t a b i l i t y  
o f  th e s e  complexes i s  aga in  a t t r i b u t e d ^  to  th e  co m p e titio n  between 
n i t r o g e n  and m e ta l f o r  th e  phosphorus d - o r b i t a l s . Thus, w hereas 
c o n ju g a tio n  e f f e c t s  in  th e  f r e e  lig a n d  make am inophosphines good 
d o n o rs , th e y  d ecrease  th e  accep to r c a p a c ity  o f  th e  phosphorus 3d- 
o r b i t a l s  in  t h e i r  com plexes.
Diphosphinoam ine complexes o f th e  type  (I’hgPj^NR MXg 
(R = H, Me, E t)  w ith  n ic k e l  ( I I ) ,  pallad ium  ( I I )  and p la tinum  ( I I )
Q
a r e  a ls o  re p o r te d  and th e -b id e n ta te  n a tu re  o f th e se  lig a n d s  has
n Q
been confirm ed by X -ray a n a ly s is  o f th e  complex (PhgE^NEt .PdCl2 . 
W ith molybdenum and tu n g s te n  h e x a c a r b o n y l s ? 9  th e y  g iv e  th e  c i s -  
d i s u b s t i t u te d  p roducts  (PhgPjgNR, Mo, V/(CO)4 . F o rc in g  co n d itio n s  
f a i l e d  to  ach ieve  f u r th e r  s u b s t i tu t io n .
At th e  s t a r t  o f  t h i s  p r o je c t ,  few complexes o f  tr ip h o sp h in e s  
had  been s tu d ie d . Ch&tt and W atso n ^  have p rep ared  complexes o f 
P h P (o-C^H^PEt^)2 , ^iE(C2H4 .PPh2 )2 a^d MeC (CH^PPj^ )2 w ith  th e  
c a rb o n y ls  o f  Group VI ks. These have been shown by i . r .  
sp ec tro sco p y  to  be c i s - t r i s u b s t i t u t e d  com plexes. Replacem ent o f  
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C H A P T E R  2.
S Y N T H E S I S  O P  A M I N O P H O S P H I N E S  
C °  N T A I N I M f i  T H E  L I  N JC A G E .
INTEOIXJCTIOW.
D i(alky la ia ino )pheny lphosph ines o f  th e  ty p e  PhP(RHR)2 where
R = L it, P r , P r , end Bu have been p rep ared  by th e  r e a c t io n  o f
d ich lo ro p h en y lp h o sp h in e  w ith  th e  re q u ire d  prim ary amino. e .g .
PhPCl + 4Sti>H --------------- > PhP(NHEt) + 2 M M  *Cl~ .
^ ^ 2 ^
At room tem p era tu re  they  a re  a l l  c o lo u rle s s  l iq u id s  and th e y  may "be
o 3d i s t i l l e d  in  vacuo in  th e  reg io n  5 O -  100 (lO mm). Y ie ld s  o f 
p u re  m a te r ia l  from th e se  sy n th eses  were g e n e ra lly  very  low ( c a .25/*) 
and a number o f p o s s ib le  ex p la n a tio n s  have been p u t fo rw ard  to  account 
f o r  t h i s .  From th e  n a tu re  o f  th e  b y -p ro d u c ts , i t  has been 
p roposed  th a t  deam ination  and rearrangem ent re a c tio n s  a re  la rg e ly  
in v o lv e d  in  s id e  r e a c t io n s .  The rearrangem ent r e a c t io n  has been 
in v e s t ig a te d  in  some d e t a i l  by Lane and Payne"*' who found t h a t  in  
s e a le d  tu b e s  a t  tem p era tu res  in  excess o f 140 , d i (a lk y lam in o )-  
pheny lphosphines g iv e  a m ix tu re  o f p roducts  which have been id e n t i f i e d  
as po lypheny lphosph ine, (PhP) , a monophosphazene o f th e  type  
PhP(KR) ) 2 * a Pr ^iaary
2P hP (L H R ) 2 -----------------> PnP(^R ) (RH 1)2 + ^ ( L h P ) n  + RNHg.
Q u a n ti ta t iv e  conversion  in to  th e  monophosphazene has n o t been 
a ch iev ed  and i t  i s  th o u g h t t h a t  an eq u ilib riu m  e x i s t s  , betvreen th e  
p ro d u c ts  and th e  d i ( alkylaarf.no)phoschine. In  some c a s e s ,  the  
amount o f amine produced was g r e a te r  than  re q u ire d  by th e  
s to ic h io m e try  and i t  has been proposed th a t  s tra ig h tfo rw a rd
/ deam ination
deam in ation  le a d in g  to  condensed aminophosphine system s ta k e s  p la ce  
t o  a sm a ll e x te n t .
I t  was th e  aim o f  t h is  work to  in v e s t ig a t e  th e se  s id e  r e a c t io n s  
fu r th e r  w ith  a view  t o  m in im ising  them. S in ce  d i(a lk y la m in o ) -  
phenylphosphines are in term ed ia tes  in  th e  sy n th eses  o f  d iam ino- 
tr ip h o sp h in e s  o f  th e  type PhP(UR.PPh2 )p » i t  was con sid ered  e s s e n t ia l  
t h a t  a co n v en ien t s y n th e s is  g iv in g  good y ie ld s  was a v a i la b le .
RESULTS AND DISCUSSION.
In  view  o f  th e  e le v a te d  tem peratures and len g th s  o f  tim e
req u ired  to  e f f e c t  th e  rearrangem ent r e a c t io n s , i t  was con sid ered
u n l ik e ly  th a t  such a process would a f f e c t  th e  y ie ld s  o f  pure
p rod u cts to  any g r e a t  e x te n t during d i s t i l l a t i o n .  I t  was d ecid ed
th e r e fo r e  to  vary th e  i n i t i a l  r e a c t io n  c o n d it io n s  and th e  r e a c t io n :
pB + _
PhPCl2 + 2EtNH2 ---------  PhP(HHEt)2 + 2BH Cl
v/here th e  base was e it h e r  tr ie th y la m in e  or e x c e ss  e th y lam in e, was 
c a r r ie d  out in  a v a r ie ty  o f  s o lv e n t s .  The r e s u lt s  are g iv e n  in  
T ab le 1 .
TABLE 1




e th e r EtNHg 28
e th e r Et^N 23
n -p en tan e EtNHg 62
n -p en tan e Et^N 57
It. can be seen  th a t  th e  u se  o f  th e  t e r t ia r y  am ine, t r ie th y la m in e , 
as hydrogen cn lorxde accep tor has l i t t l e  e f f e c t  on th e  f i n a l  y ie ld  
and an e x c e ss  o f  th e  r e a c t in g  amine i s  a l l  th a t  i s  req u ired  to  
remove hydrogen c h lo r id e  from th e r e a c t io n . The change o f  s o lv e n t  
from e th e r  or benzene t o  n-pentane has s t r ik in g  r e s u lt s  and y ie ld s  
o f  over ~ j O j o  o f  d i(eth y lam in o)p h en ylp h osp h in e have been obta in ed  on 
s e v e r a l  o c c a s io n s .
I t  i s  b e lie v e d  th a t  th e  reason  fo r  th e  low y ie ld s  in  th e  ca ses  
o f  benzene and e th e r  a3 so lv e n t  > i s  th e  r e te n t io n  o f  sm all 
q u a n t i t ie s  o f  ethylam ine hydroch lorid e  in  th e  crude product a f te r  
f i l t r a t i o n  and removal o f  s o lv e n t .  Some im petus i s  g iv e n  to  t h is  
th e o r y  when one c o n s id er s  th a t  s ily la m in e s  can bo more r e a d ily  
th e r m a lly  dearainated w ith  th e  form ation o f  condensed s p e c ie s  by
p
r e f lu x in g  w ith  ammonium su lp h a te . The l a t t e r  i s  b e lie v e d  to  
c a t a ly s e  th e  deam ination by proton ation  o f  th e  n itr o g e n  atom 
and f a c i l i t a t i n g  n u c le o p h ilic  a tta ck  at s i l i c o n  by a second m olecu le  
o f  s i ly la m in e .
There i s  some ev idence from n .ia .r .  s tu d ie s  (see c h a p te r  4) 
t h a t  amine h y d ro ch lo rid es  do in  f a c t  p ro to n a te  th e  n it ro g e n  atom 
i n  am inophosphines v/hich, by analogy w ith s i ly la m in e s ,  would then  
undergo th e rm al condensation  during  d i s t i l l a t i o n .  The gummy 
re s id u e s  ob ta in ed  a f t e r  d i s t i l l a t i o n  o f d ila lky lam in o )p h en y lp h o sp h in es  
a r e  b e l ie v e d  to  c o n ta in  condensed sp ec ie s  b u t th e i r  e x a c t n a tu re  
i s  as y e t  u n c e r ta in .
/ A ttem pts
36.
Attem pts have been made in  th e  course o f  t h is  work to  
chroma cograph th e se  r e s id u es  on s i l x c a  g e l  u s in g  benzene as e lu e n t  
but tn e  on ly  products which have been id e n t i f i e d  are cy c lo p o ly p h e n y l— 
p h osp h in e, (PhP)n , presumably formed in  th e  thermal, rearrangem ent 
r e a c t io n  and the aminophosphine ox id es PhPfMJJgO. The l a t t e r  • 
prob ab ly  a r is e  by h y d r o ly s is  o f  th e  phosphazene PhP(RR)(NHR)2 .
R eddish  co lou red  o i l s  were a ls o  ob ta in ed  a t  a l l  s ta g e s  o f  th e  
s e p a r a tio n , but th e se  have n ot been id e n t i f i e d .
Some ev id en ce  fo r  th e  deam inating e f f e c t  o f  amine h yd roch lor id es  
h as been ob ta in ed  by h e a tin g  d i(eth y lam in o)p h en ylp h osp h in e w ith  a 
sm a ll q u a n tity  o f  ethylam ine h yd roch lorid e  (p u r if ie d  by su b lim ation )  
i n  a stream  o f  n itr o g e n  a t  120° .  A fter  1 hour, one m ole o f  
am inophosphine was found to  lo s e  approxim ately one mole o f  e th y lam in e.
A -cure sample under th e  same r e a c t io n  c o n d it io n s  gave on ly  c a . 0 .2  m oles 
o f  amine per m ole. I t  was n ot p o s s ib le  to  sep ara te  th e  products 
from th e  amine h yd roch lor id e  in  the former c a s e .  However, even  
t h i s  s e m i-q u a n t ita t iv e  approach g iv e s  seme in d ic a t io n  o f  th e  need 
t o  ex c lu d e  amine h yd roch lor id es b efore  d i s t i l l a t i o n  o f  crude  
p r o d u c ts .
The u se  o f  n-pentane as s o lv e n t  in  the p rep ara tion  o f  
d i ( a lk y la m in o )uhenylphosphines i s  b e s t  ex e m p lified  by th e  s y n tn e s is  
i n  74)6 y i e ld  o f  d i(m ethylsm ino)phenylphosphine. Attem pts to  
p rep are t h i s  compound u sin g  benzene as s o lv e n t  have p r e v io u s ly  f a i l e d  
t o  y i e l d  th e  d esired  product. The p rep aration  o f  pure,
/ b i s (diphenylphos phino
b is  (diphenylphoG phino)m ethylem ine u s in g  n -pentane i s  a lso  
r e p o r te d  in  t h is  s e c t io n .  This compound had p r e v io u sly  been
3
r e p o r te d  to  undergo rap id  deam ination such th a t  accep ta b le  
a n a ly se s  were never o b ta in ed . I t  i s  b e lie v e d  th a t amine 
h y d r o c h lo r id e s  may a ls o  play an adverse part h e r e , a lthough t h is  
has n o t  been t e s t e d  ex p er im en ta lly .
33.
EXPERIMENTAL.
Eipheny lc h 1orophosphine and d ich lo ropheny lphosph ine o b ta in ed  
com m ercia lly  were d i s t i l l e d  under reduced p re ssu re  im m ediately  b e fo re  
u s e .  M ethyl amine was p u r if ie d  by p ass in g  i t  th rough a tu b e  packed 
w ith  po tassium  hydrox ide  p e l l e t s .  n -P en tane was d r ie d  over ca lc ium  
h y d rid e  and d i s t i l l e d  im m ediately  b e fo re  u se .
P i  (m ethyl am ino) phenylph os ph in e .
P ich loroph en ylph osp h in e (6 0 . 0g ; 0 .3 3 4  m ole) was added drop/vise
t o  a s o lu t io n  o f  methylamine (ca.^Og. ) in  n-pentane (lOGQm}..) a t  
- 786 . . Entry o f  a ir  to  the m ixture was prevented by th e  u se  o f  a
n itr o g e n  stream . R eaction  v/as exotherm ic and a w h ite  s o l id  
p r e c ip i t a te d  im m ediately . The m ixture was s t ir r e d  fo r  2 hr s .  a t  
room tem perature to  coagu la te  th e  p r e c ip i t a t e ,  a f te r  which th e  
s o lu t io n  was s u c tio n  f i l t e r e d  d ir e c t ly  in to  a r o ta ry  evaporator to  
y i e l d  on evap oration  o f  so lv e n t  5 2 . 2g .o f  p a le  y e llo w  l iq u id .
Vacuum d i s t i l l a t i o n  y ie ld e d  a c le a r  l iq u id  (3 9 * 3 g ., 1 ^ - / ° )  
b .p .  7 9 -3 0 ° /lO" mm., m .p. cju 22 .
M ethylam inodiphenylch03p h in e -
M ethylamine (q&. 5g . ) was bubbled in to  a s o lu t io n  o f  
dip h en ylch lorop h osp h in e ( l l .2 g ;  4 .1  m.mole) in  n -p en tan e (2p0 m l) .
M (mass s'oectrum ) l6 3 .^Pound: 0, 5 7 ^ > 7*4; 19* ;^
re q u ire s  G, *1; H, 7*7; MB.p; 16.7
/ f i l t r a t i o n
39.
F i l t r a t i o n  and evap oration  o f  so lv e n t  gave 1 0 .1  g. p a le  y e llo w  
l iq u id  which was d i s t i l l e d  in  vacuo to  y ie ld  a c le a r  l iq u id  
(4 .1 g ;  47/i) , b .p . I l l  -  115° .
[Found. C, 72 .4 ; H, 6 .4 ;  -N, 6 .7 ; P , 1 4 .p/i; M (mass spectrum ) 21
reclu ir e s  c , 7 2 .6 ;  H, 6 .5 ; N , 6 .5 ; P , 14 .4 /i; M, 215^
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C H A P T E R  3 .
SYNTHESIS M i) PROPERTIES OF 
BIS (fl-.DIHiENYL.ALALKYL )DI (AL1IHC )PH E m ,rH 03 .iHIH£S .
IN T R O D U C T IO N .
The chem istry  o f aminophosphin&s o f th e  s t r u c t u r a l  ty p e ;
w here R = H, Me, Et anc n = 0 i s  f a i r l y  w e l l  e s ta b lis h e d  (Chapter l )
each phosphorus atom a c t in g  as a n u c le o p h ile  in  r e a c t io n s  w ith
su lphur and in  donation  to  t r a n s i t io n  m e ta ls , but behaving
in d ep en d en tly  in  q u a te r n isa t io n  r e a c tio n s  w ith  alley1 io d id e s .  The
p r e p a r a tio n  o f  one member o f  th e  c la s s  o f  compbv;o.dd 7/here n = 1 
1
h a s been r e p o r te d , but a t th e  s t a r t  o f  t h is  work l i t t l e  o f  th e  
c h em istry  was known.
■Aminophosphines o f  t h is  typ e p resen t an in t e r e s t in g  problem in  
t h a t  one o f  th e  phosphorus atoms i s  in  an environment which i s  
c h e m ic a lly  d i f f e r e n t  from th a t  o f  th e  o th er tw o. The c e n tr a l  
phosphorus atom (Pc ) i s  flan k ed  by two h ig h ly  e le c tr o n e g a t iv e , 
p o t e n t i a l ly  con ju g a tin g  n itr o g e n  atoms (as in  d i (a lk y l am ino} 
p h en y lp h osp h in es) w h ile  the term in a l atoms (tPp) are in  an en v iron ­
m ent which i s  more l ik e  th a t  in  b i s ( d iphenylphosph ino) a l^ y la m in es•
I t  v/as th e  aim o f  t h is  7/ork to
(a) in v e s t ig a t e  th e  r e la t iv e  r e a c t iv i t i e s  o f  Py and P •
(b ) examine th e  e f f e c t  o f  changing the co o rd in a tio n  number a t one 
(or  tw o ) phosphorus atom (s) on the r e a c t iv i t y  o f  the rem ainder.
(c )  in v e s t ig a t e  p o s s ib le  (p — ^ alfT  in te r a c t io n s  in  th e  P N ch a in .
/'A'he r e a c t io n
The r e a c t io n s  s tu d ie d  were su lp h on ation , q u a te r n is a t ic n , and 
rep lacem en t o f  carbon monoxide in  Croup '/lb c a r b o n y ls , and in  one 
in s t a n c e ,  complex form ation  w ith  anhydrous n i c k e l (IX )c h lo r id e .
42.
NOMENCLATURE.
H ig id  a p p lic a t io n  o f  too  phosphine -  amine system  o f
nom enclature has le d  to  th e  adoption  o f  d i (am ino)phenylphosphine,
PhP(NH2 )2 , as th e  b a s is  fo r  nom enclature in  am inophosphines o f  th e
s k e le t a l  typ e  P -  N -  P(Ph) -  N -  P. For exam p le,the compound;
Me Ph Me
I I I  . Ph
— pj p  — ,P ^
Ph ^ P h
i s  s t r i a t l y  r e fe r r e d  to  as b is(N  -  diphenylphosphino -  N -  m eth y l) -  
d i  I amino )phenylphosphine. However, fo r  conven ience in  Y /r itin g ,
th e  phosphorus atoms w i l l  sim ply be la b e l le d  (from l e f t  to  r ig h t )
^1 1 ^ 2  P3 o r > in  some c a s e s > ?C ana Pf r e s p e c t iv e ly .
For exam ple, th e  compound;
Me Ph Me
Ph 1 1 1  J h
^ P  a  .p  N .p f
P h ^  || ll Ph
S S
w i l l  be r e fe r r e d  to  as th e  1 ,3  -  d isu lp h id e  o f  th e  parent am inophosphine. 
I n  th e  d is c u s s io n  o f  th e  'H n .m .r . sp e c tr a  i t  has been found more 
co n v en ien t to  employ th e  P<j. -  Pq term in o logy .
43.
RESULTS.
The tn p h o s p h in e s  , b is -(N -d ip h en y lp h o sp h in o -N -e th y l)d i(  amino ) -  
phenylph os phine ( I )  and b is -(N -d ip h e n y lp h o sp h in o ^ -m e th y l)d i(& n in o )-  
phenfclphosphine ( I I )  were p repared  by th e  re a c t io n  o f  d ip h e n y lc h lo ro - 
phospthine w ith  th e  co rrespond ing  d i(a lky lam ino )pheny lphosph ine  in  th e  
p resexice o f  tr ie th y la m in e  as hydrogen c h lo r id e  acceptor.*
2 P h 2 P C l + P h P ( i M ) 2 + 2 E t^ N  (PhgP^RjgHEh + 2EtyMH+C l“
They are both w h ite , h ig h ly  c r y s t a l l in e  s o l id s  and may be s to r e d  
i n d e f i n i t e l y  in  a ir  w ith ou t change. In s o lu t io n  and e s p e c ia l ly  in  
th e  p resen ce  o f  amine h y d ro ch lo r id e , th ey  tend to  undergo d ecom p osition . 
For exam ple, e th a n o lic  s o lu t io n s  o f  (I )  in  th e  presen ce o f  t r i e t h y l ­
amine h y d ro ch lo r id e  ra p id ly  turn  orange in  co lou r and on removal o f  
s o lv e n t ,  th e  compounds Pl^R(0 )OSt, Pn2FOEt and (Fn2P02 ) (EtEH^) 
can  be i s o la t e d  in d ic a t in g  th a t  e th a n o ly s is  and h y d r o ly s is  has 
o c c u r re d . In th e  absence o f  amine h y d ro ch lo r id e , ( I )  can be 
r e c r y s t a l l i s e d  from eth an o l in  good y i e l d .
A ttem pts to  extend th e  tr ip h o sp h in e  s e r ie s  to  th e  iso p r o p y l  
analogue were u n s u c c e s s fu l. The products ob ta in ed  from a v a r ie ty  o f  
r e a c t io n  c o n d itio n s  in c lu d in g  r e flu x in g  the r e a c ta n ts  in  benzene ^ sre  
v is c o u s  y e llo w  o i l s  which p o ssessed  a stron g  band i n  th e  dd reg io n  o f  
t h e  in fr a - r e d  su g g e stin g  th a t  replacem ent o f hydrogen by d ip h e n y l-  
phosphino groups was not com p lete. In  view  o f  the p o s s io le  s t e r i c  
h indrance in  (I )  (see  la te r )  form ation o f  the iso p ro p y l analogue cou ld  
w e l l  be s t e r i c a l l y  d i f f i c u l t .
/ ( I )  r e a c ts
( I )  r e a c ts  w ith  su lp h u r in  1 :1  mole r a t i o  to  g iv e  a p ro d u c t which 
h a s  been shown by e lem en ta l a n a ly s is  and by mass sp ec tro sco p y  to  
be th e  1 - s u lp h id e , th e  mass spectrum  showing a m e ta s ta b le  f o r  th e  
l o s s  o f  PhpPlS) from th e  p a re n t io n .
In  th e  r e a c tio n  o f  ( I I )  v/ith  su lphu r in  1 :1  mole r a t i o ,  only 
th e  c iisu lp h id e  can be i s o la te d  even when th e  re& ctan ts  a re  shaken 
i n  th e  co ld  in  benzene s o lu t io n .  A ttem pts to  se p a ra te  ou t 
f u r t h e r  p ro d u c ts  by c r y s t a l l i s a t i o n  or by chrom atography have n o t 
been  s u c c e s s fu l .
Both ( I )  and ( I I )  r e a c t  v/ith su lphu r in  1 :2  mole r a t i o  to  g iv e  
good y ie ld s  o f th e  co rresp o n d in g  d isu lp h id es  a f t e r  on ly  c a . l  h r .  in  
r e  f lu x in g  benzene s o lu t io n .  The d isu lp h id e  o f  ( I I )  has been shown 
by *H n .m .r .  sp ec tro sco p y  to  be th e  1 , 3-d is u lp h id e  b u t th e  ex ac t 
n a tu r e  o f  th e  d isu lp h id e  o f ( I )  i s  n o t so c l e a r .  A peak i s  observed 
i n  th e  mass spectrum  o f th i s  m a te r ia l  co rrespond ing  to  th e  lo s s  o f 
(PhpP)"* from th e  p a re n t io n  which su ggests  th e  presence o f th e  
1 , 2 -d is u lp h id e .  The com plexity  o f th e  *H n .m .r .  spectrum  has 
p re c lu d e d  ready  i n t e r p r e t a t i o n .
Both th e  d isu lp h id e s  o f .  ( I )  and ( I I )  a re  h ig h ly  c r y s t a l l i n e  
w h ite  s o l id s  which a re  s ta b le  to  f u r th e r  atm ospheric o x id a tio n  and to  
h y d r o ly s is .  S u lp h u ra tio n  o f  th e  rem aining phosphorus atom ta k es  
p la c e  on ly  on prolonged h e a tin g  under re f lu x  in  benzene ( 24 h r . )  
w ith  excess su lp h u r . The m e ltin g  p o in ts  o f th e  su lp h id e s  o f  ( I )  and 




Sulph ides o f X
1 .
and I I .
Compound s i 0m .p. •
S2
m .p .° m .p .
I ca.118 217-221 194-198
I I — 191.5-194 181.5-183
In  re a c tio n s  w ith  m ethyl io d id e  in  e th e r  a t  room te m p e ra tu re ,
( I )  and ( I I )  form only  a m ono-adduct, q u a te rn is a tio n  ta k in g  p lace  
a t  a te rm in a l  phosphorus atom. The p roducts a re  very  s u s c e p t ib le  
t o  h y d ro ly s is  and a ttem p ts  to  c r y s t a l l i s e  th e  adduct o f ( I )  have 
y ie ld e d  on ly  th e  h y d ro ly s is  p roduct Pn2l>(^e)itciE t I  . This 
m a te r ia l  can , in  f a c t  be d e te c te d  in  the  n .m .r .  spectrum  of th e  
i n i t i a l  r e a c t io n  p ro d u c t. I f  th e  re a c tio n  i s  c a r r ie d  o u t i n  an 
n .m .r .  tu b e  in  CDCl^ as so lv e n t ,  h y d ro ly s is  i s  avoided and th e  
fo rm a tio n  o f  only th e  u n d is so c ia te d  mono-adduct i s  observed . /Vhen
th e s e  re a c t io n s  a re  c a r r ie d  ou t in  th e  absence o f  s o lv e n t ,  tn e re  i s  
e v id en ce  from 7/e ig h t in c re a s e s  fo r  q u a te rn is a t io n  a t  a second
ph o s ph oru  s a t  cm.
However, th e  p roducts appear to  be ex trem ely  s e n s i t iv e  uo
/h y d ro ly s is
46.
h y d ro ly s is  and have n o t been c h a ra c te r is e d .
R eplacem ent o f th re e  m olecules o f carbon monoxide from 
<jr°up VIo carbony ls  by ( I )  and ( I I )  i s  r e a d i ly  achieved by r e f lu x in g  
th e  r e a c ta n ts  in  a c e to n i t r i l e  or diglyme.
T r i s ( a c e to n i t r i l e ) tu n g s te n  t r ic a rb o n y l has proved to  be a very  
u s e f u l  re a g e n t in  th e  fo rm ation  o f tu n g s te n  t r ic a rb o n y l  d e r iv a t iv e s  
o f  th e  tr ip h o sp h in e s  and c r y s ta l l in e  p roducts  may be observed  in  
th e  r e f lu x in g  r e a c t io n  m ix ture a f t e r  only 15 m ins. The p roducts  
a re  a l l  y e llo w , h ig h ly  c r y s ta l l in e  s o l id s ,  s ta b le  to  atm ospheric 
o x id a t io n  and h y d ro ly s is  but ten d in g  to  decompose in  s o lu t io n  or 
i n  c o n ta c t  w ith  t h e i r  s o lu t io n s .  Apart from th e  chromium com plexes, 
th e y  a re  very  in s o lu b le  in  th e  co ld  in  a vd.de v a r ie ty  o f o rg an ic  
s o lv e n ts  b u t may be d is so lv e d  in  h o t n itro m e th a n e , a c e t o n i t r i l e ,  
d im e th y l form&mide e t c .  M elting  p o in ts  are  l i s t e d  in  Table 2 .
TABLE p «
Group  VIb carbonyl complexes o f  ( I )  and ( I I ) . 
(Ph2PhR)2 'PPh. M(C0)3
R M=Cr M=M 0 MM7
0 0 0m .p. m .p. m .p.
M© I I 263-265 260 (decomp). 303-305
E t I 258-260 2op (decomp). 296 (decomp).
I n f r a - r e d  d a ta  su g g est th a t  th e  th re e  phosphorus atoms occupy c i s -  
p o s i t io n s ^  in  th e  octahedron# X—ray  a n a ly s is  of th e  molybdenum 
• j
/ t r i c a r b o n y l
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t r i c a r b o n y l  d e r iv a t iv e  o f ( I )  i s a t  th e  moment being c a r r ie d  o u t . 3
( I )  r e a c ts  slow ly  w ith annydrous 2i ic k e l c h lo r id e  in  re f lu x in g  
benzene to  g iv e  a red  c r y s ta l l in e  s o l id  (m .p.256°  on r e c r y s t a l l i s a t i o n  
from  n itro m e th a n e ) which has been shown by n .m .r .  and e lem en ta l 
a n a ly s is  to  be th e  diphosphinoam ine complex, (Ph^P^NEt .lii. C l^ . This
4
compound had been p rev io u s ly  prepared  by th e  r e a c tio n  o f  b i s -  
(diphenylphosphd.no)ethylam ine w ith  n ic k e l c h lo r id e  in  e th a n o l.  In  
th e  p re s e n t  work, th e  y ie ld  of th i s  complex was only c a .15/  a f t e r  
5 days* r e f lu x in g  o f th e  r e a c ta n ts  in  benzene. No o th e r  complexes 
w ere i s o la te d ;  th e  re s id u e  c o n s is te d  o f u n reac ted  ( I )  and n ic k e l 
c h lo r id e .  The fo rm ation  o f f u r th e r  p roducts cannot be ex c luded , 
b u t a ttem p ts  to  s e p a ra te  them by chromatography on s i l i c a  g e l  were 
n o t  s u c c e s s fu l .  >Vhen no o recau tio n s  were ta ^ en  to  excluce  m o is tu re  • 
from  t h i s  r e a c t io n ,  th e  re a c tio n  r a te  i s  somewhat f a s t e r  bu t th e  
compound o b ta in ed  i s  th e  h y d ro ly s is  p roduct,
P h p P .^ t.P P h .N H E t.i^ O lp . (m .p .249°). The u l t r a - v i o l e t  spectrum  o f
t h i s  complex suggests  t h a t  i t  i s  o f th e  low sp in  type h ^ 2 .
A gain , no f u r th e r  p roducts were is o la te d  from th i s  r e a c t io n .
DISCUSSION.
The p ro p e r t ie s  o f ( I )  and ( I I )  p a r a l l e l  to  some e x te n t  th o se  o f  
th e  d iphosphinoam ines, (P r^P ) , ^ . 4 ’5 Each phosphorus atom may a c t  
as a  n u c le o p h ile  in  re a c tio n s  w ith  su lphur and in  complex fo rm atio n
/w ith
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vdch Group Vlb c a rb o n y ls . In  q u a te rn is a tio n  re a c tio n s  w ith  m ethyl 
i o d id e ,  on ly  th e  mono-adduct i s  formed under m ild  re a c t io n  c o n d it io n s ,  
xrom th e  ev idence a v a i la b le ,  th e  te rm in a l phosphorus atoms a re  
i n i t i a l l y  th e  more r e a c t iv e  towards su lphur and m ethyl io d id e .
There a re  two p o s s ib le  ex p lan a tio n s  fo r  t h i s :
(a ) tn e  n u c le o p h i l ic i ty  o f th e  c e n tra l  phosphorus atom i s  r e l a t iv e ly  
l e s s  th a n  th e  te rm in a l phosphorus atoms by v i r tu e  o f th e  presence o f 
th e  two h ig h ly  e le c tro n e g a tiv e  n itro g e n  atoms.
(b) th e  c e n t r a l  phosphorus atom i s  more s t e r i c a l l y  h in d e re d .
In  view o f th e  f a c t  th a t  d i(a lk y lam in o )p h en y lp h o sp h in es , )2 ,
r e a c t  r a p id ly  w ith su lphu r a t  room tem p era tu re , e x p la n a tio n  (a) i s
n o t  co n s id e re d  to  be o f g re a t  im portance. C o n stru c tio n  o f models
o f  ( I ) and i n ) ,  on th e  o th e r  hand, shows th a t  th e  c e n t r a l  phosphorus
atom i s  more s t e r i c a l l y  h indered  th an  th e  o th e r two and hence
e x p la n a tio n  (b) i s  favoured .
The course  o f th e  a d d itio n  o f su lphur to  ( I )  and ( I I )  i s  o f
some i n t e r e s t ,  e s p e c ia l ly  in  view o f th e  f a c t  th a t  th e  on ly  p roduct
is o la te d ,  in  the  re a c t io n  o f (IT) w ith su lp h u r in  1 :1  mole r a t i o  vas
th e  1 , 3-d is u lp h id e .  I t  does n o t seem l ik e ly  t h a t  s u lp h u ra tio n  o f
Pp shou ld  in c re a se  th e  r e a c t iv i ty  o f P3 to  such an e x te n t t h a t
f u r t h e r  s u lp h u ra tio n  tak es  p lace  in  th e  same m olecule in  p re fe re n c e
6
t o  a f r e e  aminophosphine m o lecu le . B a r t le t t  and aegu er ian  have 
s tu d ie d  th e  k in e t ic s  o f  th e  su lp h u ration  o f  tr ip h en y lp h osp h in e  and
/h  ave
49.
have proposed  th e  fo llo w in g  mechanism:
Ph^p + S8 ------------- -> P h ^ S - ( S ) 6-iJ“
+ f t
P h^P -S -S - (S ) 5 „S“+Pn^P------^  Ph^P=S +Ph^P~S_ (S )5 -S “
The second s ta g e  in v o lv es  n u c le o p h ilic  a t ta c k  by a second m olecule o f 
tr ip n e n y lp h o sp h in e  on S (^ ) . Applied to  s u lp h u ra tio n  o f th e  
tr ip n o s p h in e  ( IT ) , th e  i n i t i a l  s tag e  would be fo rm ation  o f th e  
in te r m e d ia te :
Me Ph Me
+ 1 1 1
Pho > Pr ah P  N PPh
*• I
s  s  ■ ( s ) 5 —  s '
2
C o n s tru c tio n  o f a model o f th i s  in te rm e d ia te  shows th a t  P^ i s  
i n  a' fa v o u ra b le  p o s it io n  fo r  n u c le o p h ilic  a t ta c k  a t  s(&) w ith  
fo rm a tio n  o f a c y c l ic  t r a n s i t io n  sp e c ie s . Such a p rocess  m ight be 
ex p ec ted  to  be e n e r g e t ic a l ly  more favo u rab le  th a n  a t ta c k  by a 
second m olecu le  o f  ( I I )  a t  S (# ) . Since i n i t i a l  c leavage  o f  th e  So
r i n g  i s  u s u a lly  th e  r a te  determ ining  s te p  in  s u lp h u ra tio n  r e a c t io n s , 
th e  1 , 3~6I suI?^i:I'Ie should  be re a d i ly  formed.
The same p r in c ip le s  cannot be ap p lied  to  th e  s u lp h u ra tio n  o f  ( I )  #
w here a  m onosulphide can be i s o la te d .  I t  i s  p o ss ib le  t h a t  th e  g r e a te r  
s t e r i c  h in d ran c e  in  th i s  m olecule p rev en ts  tn e  fo rm ation  o f  a c y c l ic  
t r a n s i t i o n  sp e c ie s  so  t h a t  th e  second s ta g e  o f th e  su lp h u ra tio n  
r e a c t io n  in v o lv es  a t ta c k  by a second m olecule o f  ( I )• The course
/ o f
50.
o f  f u r th e r  su lp h u ra tio n  i s  n o t c le a r .  The mass spectrum  o f th e  
d is u lp n id e  o f ( I )  shows peaks corresponding  to  th e  lo s s  o f (Pn^P)* 
and g h 2P( sTj  ^from th e  p a ren t ion  (m/e623). Prom t h i s  i t  can be 
con c lu d ed  th a t  one o f  th e  te rm in a l phosphorus atoms has n o t been 
s u lp n u ra te d . However, th e  presence o f th e  1 ,3 —d isu lp h id e  cannot 
be exc luded  s in ce  [£H2P (sTj T may be l o s t  e i th e r  from th e  1 , 3-  or 
th e  1 , 2 -d is u lp h id e ,  th e  r e s u l t a n t  daughter io n  having  th e  same 
mass number (m /e41 l). The com plexity  o f  th e  'H n .m .r .  spectrum  
(s e e  l a t e r )  o f t h i s  m a te r ia l  would suggest th a t  i t  may n o t be a 
pu re  1 , 2 -  o r a pure 1 , 3-compound.
The fo rm ation  o f only a mono-adduct in  th e  re a c t io n  o f (1) and
( I I )  w ith  m ethyl io d id e  in  e th e r  i s  somewhat s u rp r is in g .  -Again, 
q u a te r n is a t io n  a t  i s  n o t considered  to  d i r e c t ly  a f f e c t  th e  
r e a c t i v i t y  a t  ^y a process o f e le c tro n  w ithdraw al in v o lv in g , fo r  
exam ple, th e  fo llo w in g  extrem e canon ica l form:
Me Ph Me
l I i
Fh2P=M  p = =  H—-PPh2
+  — +
In  view o f th e  a v a ila b le  bond angle, and bond le n g th  d a ta  fo r  
th e  a l i y l  io d id e  adduot o f  (p —> d )rf  o v e rla p  in v o lv in g
P 2 m ust be consid ered  to  be s l i g h t .  In d u c tiv e  e f f e c t s  over fou r 
bonds a re  a ls o  l i k e ly  to  be sm a ll. T„o fu r th e r  ex p la n a tio n s  are  '
p ro b ab ly  o f  g r e a te r  v a l id i ty  -  (a) s t e r i c  h ind rance  a t  P3 and
, , „ • • j.,. n o s it iv e  charges in  th e  1 ,3 -d ia d d u c t(b ) th e  p o ss ib le  proxxmity o+ poaiu i /«
/ ' i f
i f  formed-, However, s in ce  no s t r u c t u r a l  d a ta  are  a v a i la b le  fo r  
th e  t r i j - h o s p n in e s , th e  r e a l  ex p lan a tio n  must rem ain a s u b je c t  fo r  
s p e c u la t io n .  There i s  evidence th a t  f u r th e r  q u a te rn is a t io n  may 
o c c u r when th e  r e a c t io n s  are  c a r r ie d  ou t in  th e  absence o f s o lv e n t .  
H owever, th e  p roducts  a re  extrem ely s u sc e p tib le  to  h y d ro ly s is  and 
have n o t  been c h a ra c te r is e d .
Both ( I )  and ( I I )  r e a d i ly  rep la ce  th re e  m olecu les o f  carbon 
m onoxide in  r e a c tio n s  w ith  ^roup VIb c a rb o n y ls . The p ro d u c ts  a re
th e  c i s —t r i s u b s t i t u t e d  carbony ls w ith  c h a r a c te r i s t i c  bands in  th e
2 -1  c a ro o n y l re g io n  o f  th e  in f r a - r e d  a t  ca.1940 and 1840cm. A
com pariso n  o f  th e se  va lu es  (Table w ith  th o se  o f some t r i d e n t a t e
p h o sp h in es  n o t c o n ta in in g  a P-H bond shows th a t  they  a re  no t
s i g n i f i c a n t l y  d i f f e r e n t .  (p —> d )r to v e r la p  between n it ro g e n  and
p hospho rus shou ld  have th e  e f f e c t  o f reducing  (d—>d)TTback bonding
be tw een  th e  m e ta l atom and phosphorus w ith  a r e s u l t a n t  d ec re a se  in
th e  c a rb o n y l s t r e t c h in g  freq u en c ie s  in  th e  i n i r a —re d . The hign
e l e c t r o n e g a t iv i t y  o f  n itro g e n  should have tn e  o p p o site  e x p e c t. I f
a n y th in g ,  th e  l a t t e r  i s  th e  more im portan t in  th e  ca rb o n y l complexes
of ( I )  and ( I I ) .  These o b se rv a tio n s  a re  in  agreem ent w ith  th e
5  .
r e s u l t s  o f  Payne and V/alker on Group VIb carbony ls o f  d ip h o sp n m o - 
am in e s .
. The s l i g h t  in c re a s e  in  th e  carbony l s t r e tc h in g  f re q u e n c ie s  i s  
accom panied by a s ig n i f i c a n t  lo r/e rin g  o f the  P-M a^sorpu_on 
f r e c u e n c ie s  as compared to  th e  f re e  l i l i e s  (Table 4 ) .  This could
TABLE 3 .
CO s t r e t c h in g  freq u en c ies  o f some c ia -T r i sub s t i tu te d  Croup VIb
carbony ls  (cm. ).
Compound M=Cr M=Mo M=W
(a)
( I )  M(CO}^ 1932, 1841 1943, 1848 1938, 1842
(a)
( I I )  M(CO)^ 1933, 1842 1943 , 1831 1938, 1843
(a) '
PnP(C2H4PPh2 )2M(C0)^ 1937, 1848
(a) o
MeC(CH2PPn2 )2M(G0)3° I 9O5 , 1830 1930, 1834 1930, 1834
{ b ) / 9 *
(Ph3P ) y / i ( c o ) ^ 1934, 1835
(a ) 1 ,2 -d ic h lo ro e th a n e  s o lu tio n .
(b) ch lo ro fo rm  s o lu t io n .
TABLE 4 4
P —£T s t r e t c h in g  freq u en c ie s  o f ccmplexed big&nds . (cm. ).
(PhpPNB)pPPq.E(C0 )3  U u jo l)
R M=Cr M=Mo M=V/
Me (845 , 814}
E t (8 7 5 , 8 5 2 )
s i s ,  793 
860, 842
822, 795 
8 6 2 , 842
822, 795 
8 6 2 , 342
be in t e r p r e te d  in  terras o f a red u c tio n  in  Mp—> d h t  o v e rla p  between 
n i t r o g e n  ana phosphorus due to  com petition  from th e  c e n t r a l  m eta l 
atom f o r  th e  phosphorus d ~ o rb i ta l s . S evera l f u r th e r  changes in  
th e  spectrum  of ( I )  and ( I I )  on complexing occur in  th e  reg io n  
yOO -  400 cm. . I t  has no t been p o ss ib le  to  a ss ig n  th e  bands in  
t h i s  re g io n  although  th e  band a t  672*2 cm. ” 1 in  th e  s p e c tr a  o f  th e  
chromium complexes may be a t t r ib u te d  to  Cr -C s t r e t c h in g .1^
I n  th e  re a c tio n  o f ( I )  ?rith  n ic k e l c h lo r id e , no p roduct 
c o n ta in in g  th e  tr ip h o sp h in e  sk e le to n  has been i s o la t e d .  A u .v ,  
sp ec tru m  o f  th e  red  so lu tio n  ob ta ined  on m ixing a lc o h o lic  s o lu tio n s  
o f  th e  r e a c ta n ts  in  1 :1  mole r a t i o  showed a band in  th e  reg io n  
2 5 ,COO cm. which i s  c h a r a c te r i s t ic  o f low sp in  E i ( I I )  complexes 
o f  th e  ty p e  L^'iXg,. I t  would appear th a t  only  two phosphorus atoms 
a re  in v o lv ed  i n i t i a l l y  in  co o rd in a tio n . The r e a c t iv i t y  o f th e  
t h i r d  appears to  be in c re a se d  end th e  p roducts i s o la te d  from th e  
r e a c t io n s  c a r r ie d  out under s t r i c t l y  anhydrous c o n d itio n s  and in  th e  
p re se n c e  o f  w ater a re  th e  rearrangem ent p roduct 8n&
t h e  h y d ro ly s is  product Ph2I,.^ t.P F n .M iiE t.d iC l2 r e s p e c t iv e ly .  The 
o th e r  fragm ents in  th e se  re a c tio n s  have n o t been i s o la te d .
IifFRA -K5D SPECTRAL DATA.
The P U l lM 'I  s t r e tc h in g  frequency has been v a r io u s ly  a ss ig n ed  to  
be betw een 800 and 1000 cm"1 .4 >5 »11 >12 ( I I )  shows two bands in  t h i s  
r e g io n .  T heir p o s itio n s  appear to  be l a r r l y  s e n s i t iv e  to  th e  n a tu re  
o f  th e  groups a tta c h e d  to  phosphorus and th i s  i s  i l l u s t r a t e d  by
/ r e f e r e u c
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r e f e r e n c e  to  th e  s p e c tra  of (XI) and some o f i t s  compounds (Table p ) .  
ih e  s h i f t  to  lower wavenumbers on ccmplexing h a3 a lre a d y  been 
d is c u s s e d .  S u lp h u ra tio n  and q u a te rn is a tio n  r e s u l t  in  a s h i f t  to  
h ig h e r  wavenumbers and th i s  i s  in  accord w ith  th e  view th a t  th e  
d eg ree  o f  TT -  c h a ra c te r  in  th e  =P(S)-N bond and in  th e  f-N  bond 
i s  g r e a t e r  th an  in  th e  P (III)-W  bond. I t  has been p o in te d 10 ou t 
t h a t  th e  p o s it io n  o f th e  P-N bond i s  no t s u b je c t to  any sim ple 
r e l a t i o n s h i p  in v o lv in g  e le c tro n e g a tiv i ty  and th e  in c re a s e  in  th e  
P-N s t r e t c h in g  on frequency on going from ( I I )  to  ( I )  cannot be 
e x p la in e d  in  such te rm s . (I)  shows fo u r bands in  th e  reg io n
- gOO ~ lOGG cm.*"1 . These c o n s is t  o f a medium in t e n s i ty  d o u b le t a t  
93'3 and 917 cm* ^ a fu r th e r  two s tro n g  bands a t  875 852 cm 1 .
l l i e  l a t t e r  a re  more s e n s i t iv e  to  changes a t  phosphorus and th e i r  
p o s i t io n s  vary  in  a manner analogous to  those  o f ( I I )  (w ith th e  
e x c e p tio n  o f  th e  d isu lp h id e  o f (I)  where one o f th e  bands moves to  a 
low er f re q u e n c y ) . The o th e r doublet tends to  broaden on com plexing 
and moves s l i g h t l y  to  h ig h e r wavenumbers. In  th e  s p e c tr a  o f th e  
s u lp h id e s  and rnethiodide of ( I I )  i t  s h i f t s  very  s l i g h t l y  to  h ig h e r 
f re q u e n c ie s  and lo se s  th e  doub le t s t r u c tu re .  lhus th e  bands a t  
low er wavenumbers (875 &nd 852 cm ) a re  more c h a r a c te r i s t i c  o f th e  
PJN s t r e t c h in g  f re q u e n c ie s .
The P=S freq u en c ies  in  phenyl s u b s t i tu te d  phosphines have been
re p o r te d  to  occur in  th e  reg io n  o f 6 l 6 c a - 1 . 4 ’ 13 A band o f weak 
i n t e n s i t y  occurs in  th i s  reg ion  in  a l l  o f th e  su lp h id e s  s tu d ie d .
/how ever
TABLE 5 .
P-N s t r e t c h in g  freq u en c ies  o f ( I I )  and d e r iv a t iv e s .  (N u jo l) .
Compound P-N s t r e tc h in g  frequency  (cm ).
(Fn2P ^ e ) ?PFn 84p, 814
(Ph2HMQ)2PPh.S2 875, 820
(Ph2P ^ e ) 2PPh.S^ . 870, 853
(Ph2PLtMe) 2PPh .Me-*- 8 7 3 , 822
H owever, th e  main d if fe re n c e s  in  the  sp e c tra  o f th e  su lp h id e s  as 
com pared to  th e  f r e e  lig an d s  occur in  the  reg io n  65O — 750  cm. 
w nich i s  in  accord w ith  th e  o bservations o f Thomas and C h itten d en  
on a v a r i e ty  o f aminophosphine su lp h id e s . The su lp h id e s  o f th e  
d iphosph inoam ines, a lso  showed changes in  t h i s  reg io n  w ith
a s t ro n g  band appearing  a t  642 -  1 cm~^.
*H N.M.R. SPECTRA.
I n  r e c e n t  y e a rs ,  d e ta i le d  analyses o f th e  'H n .m .r .  s p e c tr a  o f 
organophosphorus compounds has provided a g r e a t  d ea l o f  s t r u c t u r a l  
in fo rm a tio n  which could  only have been o b ta ined  p rev io u s ly  by more 
t im e  consuming chem ical methods. coup ling  c o n s ta n t d a ta  have
jci
been re p o r te d  fo r  a number o f aminophosphines and d e r iv a t iv e s .
I n  th e  f r e e  aminophosphine, i s  u su a lly  o f th e  o rd e r o f  lO c /s e c .,
in c r e a s in g  s l i g h t ly  on th e  a d d itio n  o f oxygen or su lphu r to  
p h o sp h o ru s . The sm a lle s t values of s0 ^ ar r e P°r ^ ed have been
dii compounds o f th e  s t r u c tu r a l  type
I 1 9 ,2 0 .
F o r  exam ple, in  th e  diphosphinoam ine, (PhgPjgNMe, I t  I s 2 ;9  c / s e c .  
in c r e a s in g  to  11 .2  c /s e c .  on su lp h u ra tio n  o f both phosphorus atoms. 
T h is  la r g e  d if fe re n c e  has been o f co n sid e rab le  use in  e lu c id a t in g  
th e  s t r u c tu r e s  o f th e  su lp h id es  end the  m ethyl io d id e  adduct o f ( I I ) .  
*H n .m .r .  soectrum  of ( I I ) .
5 3 -
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The s p e c tr a  o f  ( I I )  and d e r iv a tiv e s  a re  g iv e n  in  F ig s . 1 - 4
and th e  s p e c t r a l  d a ta  in  Table 6 . 'The m e th y l-p ro to n  s ig n a l  in  th e
*h n .m .r .  spectrutn  o f  ( I I )  c o n s is ts  o f two t r i p l e t s  s e p a ra te d  by
4*6 c / s e c .  and c e n tre d  a t  X. 7»27« The same s e p a ra t io n s  a re
o b serv ed  on v a ry in g  th e  f i e l d  s tre n g th  in d ic a t in g  th a t  th e  t r i p l e t s
a re  sp in -c o u p le d . This o b se rv a tio n  o f a doubled t r i p l e t  su g g es ts
t h a t  th e  m e th y l-p ro to n s  a re  in t e r a c t in g  n o t on ly  w ith  th e  phosphorus
atom s 3 bonds d i s t a n t  ( i . e .  ) b u t w ith  th e  phosphorus atoms
5 bonds d i s t a n t .  I t  i s  u n l ik e ly  t h a t  d i r e c t  co u p lin g  occu rs  over
such  a d is ta n c e .  However, e f f e c t iv e  co u p lin g  (o r v i r t u a l  lo n g -
21 22ran g e  co u p lin g ) ’ ~ can occur when c e r t a in  c o n d itio n s  a re  s a t i s f i e d .
C o n sid er th e  h y p o th e t ic a l  system :
CH 0 - i i -P . -iJ-Jd 3 A B
When th e  chem ical s h i f t  d if f e re n c e  between P^ and Pg i s  sm all 
compared w ith  ^P^Pg> th e  m e th y l-p ro to n  s ig n a l  m ight w e ll  be a t r i p l e t
ev en  when J p  i s  z e ro . The c h a r a c te r i s t i c s  o f  such ABX  ^ sp in
23system s a re  w e ll known and Abraham and B e rn s te in  have shown t h a t  a
t r i p l e t  s t r u c tu r e  w i l l  be observed  i f ,
(J AX ------ J BX) /  <  A \ ) u
2J A3 ^
w h ere£$)j._ i s  th e  re s o lv in g  power o f th e  sp ec tro m e te r  g iv e n  by th e
h a l f - h e ig h t  h a lf -w id th  o f  a s in g le  l i n e  (ca , O.p c / s e c . )  The
24s e p a r a t io n  o f  th e  o u te r  l in e s  o f  th e  t r i p l e t  i s  g iv en  by j
/  and
y / *
and i n  th e  case  w here JBX=<^ > I ^ ’e r  l i m i t  o f th e  co u p lin g
c o n s ta n t  J^g  can e a s i ly  be c a lc u la te d  by m easuring  A W -
I n  th e  spectrum  o f  ( I I ) ,  th e  m e th y l-p ro to n  s ig n a l  i s  co n s id e re d  
t o  be doubled by c o u p lin g  w ith  th e  n e a r ,  te rm in a l phosphorus atom 
(Pp) (Jp  ftCri = 4 .6  c / s e c . )  When e q u a tio n  ( l )  h o ld s ,  each component 
o f  th e  d o u b le t w i l l  show a t r i p l e t  s t r u c t u r e .  Now, assum ing th a t
J BX' = 0 = J Pt NPNCH » th e n
'•J ¥c m a y / '2j i £  <  °-5  
2 ^
o r  (JPqj\JCH ^
(w here Pq r e f e r s  to  th e  c e n t r a l  phosphorus a tom ).
Now th e  s e p a ra t io n  o f  th e  o u te r  components o f th e  t r i p l e t s  = 3 .0  c /s e c
= I ^AX | = I^PpNCfll* H ence, th e  low er l i m i t  o f J^ g  = J p  can  be0 T o
c a l c u la te d  to  be about 9 c / s e c .  This compares w ith  a low er l i m i t  o f
/  2?a b o u t 3C -  40 c / s e c .  f o r  Jpilp  in  aminophosphazenes and i f  JpHP can be 
ta k e n  as an approxim ate m easure o f  c o n ju g a tiv e  e f f e c t s ,  th e n  c o n ju g a tio n  
i n  th e  am inophosphine system  i s ,  as ex p ec ted , much w eaker.
L,3-PISULPHIH5 OF ( I I ) .
The m e th y l-p ro to n  s ig n a l  o f t h i s  compound i s  e f f e c t iv e l y  t h a t  o f 
anAjMXs p in  system  i . e .  a p a i r  o f  sp in -co u p led  d o u b le ts . The l a r g e r  
s p l i t t i n g  i s  a t t r i b u t e d  to  Jp^jn jj = 12 .2  c / s e c .  and th e  low er to  c o u p lin g  
w ith  th e  c e n t r a l  phosphorus atom (Jp> = 1*5 c / s e c ) .
V
/ Th e .1 e
58.
T hese assignm ents a re  in  accord  w ith  th e  o b se rv a tio n  t h a t  Jppcn 
in c r e a s e s  c o n s id e ra b ly  when th e  diphosphinoam ine (P n^P ^hlle  I s 
s u lp h u ra te d .  The f a i l u r e  to  observe v i r t u a l  lo n g -ran g e  co u p lin g  
i s  a t t r i b u t e d  to  an in c re a s e  in  th e  chem ical s h i f t  d if f e r e n c e  
betw een Pp-.and Pq (phosphorus(V )and p h o sp h o ru s ( i l l)  r e s p e c t iv e l y ) .
I t  i s  d i f f i c u l t  to  r a t i o n a l i s e  th e  low v a lu es  fo r  J p ^ g g  i n t h i s  
compound and in  th e  s p e c tr a  o f  m ethylam ino b rid g ed  d ipho sp h in es  
i n  g e n e ra l^ in  term s o f  s - c h a r a c te r  in  th e  P-N bonds, s in c e  Jp^gp 
i n  th e  compound ( P h g P ^ ^ t" ^  (Table 7 ) has th e  more ’n o rm al1 v a lu e  
o f  9*7 c / s e c .
1 , 2 , 3 - t r t s u l p h id e  o f  ( i l )
The m e th y l-p ro to n  s ig n a l  o f  t h i s  compound i s  a t r i p l e t  c e n tre d
a t  TT6.93 i . e .  Jp hCH ~ JpphcH. = 11*8 c / s e c .  Again, no v i r t u a l  1 0
lo n g -ra n g e  c o u p lin g  i s  observed  su g g e s tin g  t h a t  S Ip -8(3 l a r g e r
th a n  i n  th e  f r e e  am inophosphine.
M ethyl io d id e  adduct o f  ( I I ).
The *H n .m .r .  spectrum  o f th e  m ethyl io d id e  adduct o f  ( I I )  c o n s is ts  
o f  th r e e  s e t s  o f ch em ica lly  s h i f t e d  m u l t ip le ts  -rhich have been 
a ss ig n e d  in  o rc e r  o f  in c re a s in g  IT va lue  to  5 phenyl groups , a P -m ethyl 
g roup  o v e rla p p in g  w ith  an N—m ethyl group and an ^ -m ethy l g ro u p . The 
n  on e q u iv a le n c e  o f  th e  ^ -m ethy l groups su g g es ts  im m ediately  t n a t  a 
te rm in a l  phosphorus atom has been q u a te rn is e d . The h ig n  f i e l d  
r u u l t in le t  c o n s is ts  o f a d o u b le t o f  s e p a ra t io n  p.O c / s e c .  (Jp^gH ^ 
w hich i s  f u r th e r  doubled by co u p lin g  to  th e  c e n t r a l  phosphorus atom
/( J l t J J & i
TABLE 7 .
*H n .m .r .  d a ta  fo r  PhP(ILSt.PPh2 )2 , (PhpP)?NEt and d e r iv a t iv e s .
Compound X  V a lu e s . {CECl^j
X Cdj-C X CH^-P T ch2
EhP(KEt.PPh? )2 9*17 c a » 6 .8
PhPU ® t.PPh2 )2 S2 8.92 c a .6 .2
PhP (E E t. FPh 2 } ^ Mq I 9.19 6 .9 4 c a .6.5
(Ph2P )2PS t 9 .2 7 6.65
(Ph2P )2N Et.S2 9 .1 5 6.35
^ P r,HCH = 2 .0  c / s e c ) .  These assignm ents to  th e  -^-methyl group 
•which i s  n o t a d ja c e n t to  a qu& ternised phosphorus atom a re  in  
agreem ent w ith  th e  assignm ents in  th e  f r e e  am inophosphine. 
F u rth e rm o re , th e  h igh  f i e l d  N-metbyl g roup shows no s ig n i f i c a n t  
change in  chem ical s h i f t  as compared to  ( I I )  i t s e l f .
The low f i e l d  m e th y l-p ro to n  s ig n a l  c o n s is ts  o f a d o u b le t 
( s e p a ra t io n  = 1 2 .6  c / s e c . )  o v e rla p p in g  w ith  a p a i r  o f  sp in -c o u p le d  
d o u b le ts  (d o u b le t s e p a ra t io n s  = 1 2 .6  c / s e c .  and 2 .0  c / s e c . )  The 
fo rm er i s  a ss ig n ed  to  th e  P-m ethyl group (Jpcjj = 1 2 .6  c / s e c . )  and 
th e  l a t t e r  to  th e  a d ja c e n t ^ -m ethy l group  (Jp^tfCH = 1 2 .6  c / s e c . )  end 
JpgNCH -  2 .0  c / s e c ) .  Ho v i r t u a l  co u p lin g  i s  o bserved .
The 'H n .m .r .  s p e c tr a  o f ( I )  and i t s  d e r iv a tiv e s  do n o t le n d  
them se lv es  to  read y  in t e r p r e t a t i o n .  At 60  M o/sec, th e  m e thy lene-  
re so n an ce  s ig n a l  o f  ( I )  i t s e l f  i s  a very  broad m u l t ip le t  which 
s e p a r a te s  o u t in to  two d i s t i n c t  m u l t ip le ts  a t  a f i e l d  s t r e n g th  o f  
100  M c/s e c . su g g e s tin g  th a t  th e  p ro tons in  th e  m ethylene group a re  
m a g n e tic a lly  non e q u iv a le n t .  This e f f e c t  may be due to  asymmetry 
a t  th e  c e n t r a l  phosphorus atom, slow in v e rs io n  a t  n i t ro g e n ,  o r 
h in d e re d  r o ta t io n  in  th e  m o lecu le . U n fo r tu n a te ly , l im i te d  access  to  
v a r i a b le  te m p era tu re  equipm ent has p rec luded  th e  s o lu t io n  o f  t h i s  
p rob lem . F or a reaso n  which i s  n o t e n t i r e ly  c l e a r ,  double resonance  
te c h n iq u e s  have n o t y e t  succeeded as an a id  to  th e  i n t e r p r e t a t i o n  o f 
t h e  m e thy lene—resonance  s ig n a l  o f ( I ) .  However, in  th e  case  o f  th e
/ d is u lp h id e
d is u lp h id e  o f ( I ) ,  where m agnetic nonequ ivalence  o f th e  m eth y len e - 
p ro to n  s ig n a l  i s  a lso  o b serv ed , i r r a d i a t i o n  o f  th e  m ethy l s ig n a l  a t  
i t s  re so n an ce  freq u en cy  causes th e  low f i e l d  m ethy lene m u l t ip le t  to  
c o l la p s e  i n to  w hat can be re c o g n ise d  as a p a i r  o f  o v e r la p p in g  
d o u b le ts . The h ig h  f i e l d  m u l t ip le t  i s  re so lv e d  in to  6 l i n e s  
w hich  a re  composed o f  a p a i r  o f  d o u b le ts  o v e rla p p in g  w ith  two broad  
s i g n a l s .  I t  has n o t been p o s s ib le  to  a s s ig n  th e se  l i n e s  to  any 
p a r t i c u l a r  s t r u c t u r e .  The problem may be f i n a l l y  re so lv e d  by 
rem oving th e  nonequ ivalence  o f  th e  m ethy lene—p ro to n s  (p o s s ib ly  on 
r a i s i n g  th e  te m p era tu re )  and s p in -  decoup ling  th e  m ethy l p ro to n s , 
b u t  i t  h as  n o t so f a r  been p o s s ib le  to  u se  t h i s  te c h n iq u e .
The spectrum  o f  th e  m ethy l io d id e  adduct o f  ( l )  in  th e  re g io n  
ab o v e X 5 *^ c o n s is ts  o f  a b road  m u l t ip le t  o v e rla p p in g  w ith  a d o u b le t 
o f  s e p a r a t io n  12 .3  c / s e c .  which i s  ass ig n ed  to  Jp_CH • This d o u b le t 
shows f u r th e r  f in e  s p l i t t i n g  (c a . 1 .5  c / s e c ) which may be due to  
lo n g e r - ra n g e  co u p lin g  w ith  th e  c e n t r a l  phosphorus atom.
The e thy lam ino  m e th y l-p ro to n  s ig n a l  occurs a t  X 9*19 c o n s is t in g  
o f  a t r i p l e t  w ith  ^yy = 7 * ^  c / s e c .  I n te g ra te d  in t e n s i t y  r a t i o s  
co n firm  t h a t  t h i s  compound, i s  indeed  th e  mono—ad duct. hue to  th e  
co m p lex ity  o f  th e  spectrum  in  th e  m ethylene re g io n , i t  i s  n o t 
p o s s ib le  to  determ ine by n .m .r .  w hether th e  c e n t r a l  o r te rm in a l 
phosphorus atom has been q u a te r n is e d .» However, on h y d ro ly s is  o f  t h i s  
compound, th e  s p e c ie s  [ ^ 2 F(He)HrLot| I  i s  o b ta in e d  whicn confirm s 




D ip h en y lch lo ro p h o sp h in e , o b ta in ed  com m ercia lly , vras d i s t i l l e d  
u n d e r  reduced  p re s su re  im m ediately  b e fo re  u s e . T rie th y la m in e  was 
d r ie d  ov er ca lc ium  h y d rid e  and d i s t i l l e d  from sodium. n -P en tan e  
and benzene w ere d i s t i l l e d  from calcium  h y d rid e  and po tassium  
r e s p e c t iv e ly .  A ll o p e ra t io n s  were c a r r ie d  o u t under a stream  o f 
d ry  n i t r o g e n .
B is  (N -d irA ieny lphosph ino -if-e thy l) d i (am ino) phenyl oh os ch ine  (I ).
B irjheny lch lorophosph iiie  (p9«4g; 0 .2 7  mole) was added dropv/ise
t o  d i (e th y la m in o )phenylphosphine (2 6 . 3g; 0 .1 3  mole) and t r ie th y la m in e
(23*9oj 0 .2 4  mole) in  n -p en tan e  a t  0° .  The m ix tu re  was s t i r r e d  fo r  
2 h o u rs  a f t e r  w hich th e  s o lu t io n  vras s u c t i o n - f i l t e r e d  d i r e c t l y  in to  
a r o ta r y  e v a p o ra to r  to  y ie ld  on ev ap o ra tio n  o f  s o lv e n t ,  3 1 *5o* o f 
vdnite s o l i d .  The p r e c ip i ta te d  amine h y d ro ch lo rid e  was t r e a t e d  w ith  
i c e - c o ld  e th a n o l to  y ie ld  on f i l t r a t i o n  a f u r th e r  5 *4 g . o f  p ro d u c t.
The combined m a te r ia l  was r e c r y s t a l l i s e d  from e th a n o l to  g iv e  lu s t r o u s  
w h ite  p la te s  (3 2 . 1g; 44);), m .p. 143 -  145°.
Found: C, 7 2 .2 ; H, 6 .2 ;  N, 5 .1 ; P , l6.4)£; M(mass spectrum ) 564 .
re q u ire s  C, 7 2 .4 ; H, 6 .2 ; 3*^; ^ > lO O /S  5 ^  •
1 - s u lp h id e  o f  ( I ) . .
( I )  (0«75g; 1 .32  m.mole) in  benzene (40 ml) was h e a te d  under
r e f l u x  f o r  20 hours w ith  e lem en ta l su lp h u r (O.Cpg; I .56  m .m ole).
Removal o f  th e  benzene l e f t  a w h ite  s o l id  which was r e c r y s t a l l i s e d
o
from  e th a n o l to  g iv e  a w h ite  c r y s t a l l i n e  s o l i d ,  m .p. c a .  118 .
/Found;
6 2 .
Found: C, 68 .5 ; 6 .0 ; rJ, 4 .2 ; P , 1 5 .7 ; S, 5»6/a; M(mass
sp ec tru m ) 5 9 6 . y
^34^ 35N2P3 S reciuires c > 68 .4 ; H, 5 *9; 4*; 7; 19*6; s , 5*43; 596 .
D isu lp h id e  o f d i .
d i  (0 . 56s ;  1 .0  m .m ole), in  benzene (40 ml) was h e a te d  under
r e f lu x  f o r  20 hours w ith  e lem en ta l su lp h u r (0 .0o3g; 2 .0  m .m ole).
Removal o f th e  benzene l e f t  a w h ite  s o l id  vdiich was r e c r y s t a l l i s e d  from
a c e to n e  to  g iv e  a w h ite  c r y s t a l l i n e  s o l id ,  m .p . 217 -  221° .
Found: C, 64 .9 ; H, 5 . 6 ; j ! ,4 .4 ; P , 15 .0 ; S, l0.ly>; M(mass
spectrum ) 6 2 8 . ^34** 35^ 2^3  ^ 2 re(3ui re s  0 , 6 5 . 0 ; H, 5 *6 ; 'R, 4 .5 ;
P ,  1 4 .8 ; S ,  1 0 .2/j; M, 628 .
1 , 2 , 3 - t r i a u lp h id e  o f  ( I ) .
( I )  (0 .5 6g; 1 .0  m.mole) in  benzene (40 ml) ?/as h e a te d  under
r e f lu x  f o r  20 h ou rs  w ith  e lem en ta l su lp h u r (0 . 17g> 5*3  m .m ole).
Removal o f  th e  benzene l e f t  a w h ite  s o l id  which vms e x tra c te d  w ith
th r e e  20  m l. p o r tio n s  o f e th e r  to  g iv e  on slow e v a p o ra tio n  o f  th e
o
e th e r  s o lu t io n ,  a w h ite  c r y s t a l l i n e  s o l id ,  m .p. 194 -  193 .
Found: C, 6 2 .0 ; H, 5*4; N, 3 .8 ; P, 1 4 .6 ; S, 1 4 .7 /s M (mass
spectrum ) 660. C ^H ^N ^P^S^ re q u ire s  C, 6 l . 8 ; H, 5 . 3 ; tf, 4 .2 ;
P ,  1 4 .1 ; S, 14.6/0; M, 660.
M ethy l io d id e  adduct o f  ( I ) .
( I )  (0 .20g ; O.36  m.mole) in  e th e r  (20 m3.) w ith  an excess o f
m e th y l io d id e  gave a w h ite  s o l id ,  m.p.  c a ,  35°*
/  Found
6 3 .
Found: R, 3»9/4>* ^35^38^2*3 r e q u ire s  R, 4.Cp> .
R e c r y s t a l l i s a t i o n  from a c e to n e -e th e r  gave w h ite  n e e d le s ,  m.p.  99 -  100 ° , 
o f  ethylam inom ethyldiphenylphosphonium  io d id e .
Found: R,. 3*6^. C ^H -^IR P re q u ire s  R, 3*8/^ .
Chromium t r ic a r b o n y l  complex  o f  ( I ) .
(X) ( l . l 2 g ;  I .9 8  m.mole) in  diglyme (pO ml) was h e a te d  under
r e f l u x  w ith  chromium h exacarbony l (0 .44g; 2 .0  m.mole) f o r  4 h o u rs .
Removal o f th e  diglym e l e f t  an orange s o l id  which was r e c r y s t a l l i s e d
r '  0from  n itro m eth an e  to  g iv e  o range-yellow  n e e d le s ,  m .p. 263 -  2o5 .
Found: C, 6 3 .1 ; H, 5 .O; N, 4 .1 ;  F , 1 2 .5 ^ .
C37H35CrN2°3P3 re q u ire s  C, 63-4; H, 5 . I ;  N, 4 .0 ; P , 13 .3>  .
Mplybdenum tr ie a rb o n y l  comp le x o f  ( I ) .
( I )  (0 .57g; 1 .0 1  m.mole) in  a c e t o n i t r i l e  (40 hi!}.) 7/as h e a te d
u n d e r  r e f lu x  'with molybdenum hexacarbony l (0 . 27g; 1 .0 2  m.mole) fo r
2 h o u rs . On c o o lin g , long  y e l l 07 /  n eed les  se p a ra te d  o u t which w ere 
r e c r y s t a l l i s e d  from  n itro m eth an e  to  g iv e  ye llow  n e e d le s , m.p.  260  . (decamp.) 
Found: C, 59*8; H, 4v4- R, 3-6; P , 1 2 .2/e. C^H^MoHpO^P^
r e q u i r e s  C, 6 0 . 0 ; H, 4 .7 ;  R, 3 *8 ; F , 1 2 . 2p  .
T ungsten  t r i c a r b o n y l  complex o f (X) .
( I )  (0.57g> 1 .0 1  m.mole) in  diglyme (p0 ml) was h e a te d  under
r e f lu x  w ith  tu n g s te n  hexacarb o n y l (0 .3pg; X.O m.mole) f o r  3 h o u rs .
Removal of the diglyme left a yellow solid y/hich 7/as recrystallised
/fro m
from  n itro m e th an e  to  g iv e  yellow  n e e d le s , m.p.  3°3  -  3^5 °*
Pound: C, 5 3 .5 ; H, 4 .6 ; N, 3 .2 ; P , 1 1 . 1^ . C H P
R eq u ires  C, 53*4; 2; 3 .4 . p , 1 1 .2/3 .
R e a c tio n  o f  (I)  w ith  anhydrous n i c k e l ( I I )  c h lo r id e .
N ick e l(IX ) c h lo r id e  hexahydra te  (0 .97g; 4 .0  m.mole) was
h e a te d  in  vacuo a t  1806 f o r  4 h o u rs , a f t e r  which ( I ) ,  (2 . 3g; 4 . 2  m.mole)
i n  benzene (80 ml) was in tro d u c e d . The m ix tu re  was h e a te d  under 
r e f lu x  f o r  5 days a f t e r  which tim e th e  p r e c ip i ta te d  orange m a te r ia l  
was f i l t e r e d  o f f  and d is so lv e d  in  ch lo ro fo rm  (20  ml) to  remove 
u n re a c te d  n ic k e l  c h lo r id e .  A dd ition  o f l i g h t  petro leum  ( b . p .> 1 2 0  ) 
t o  th e  ch lo ro fo rm  s o lu t io n  and f i l t r a t i o n  gave a dark red  s o l id  which 
was r e c r y s t a l l i s e d  from n itrom ethane  to  g iv e  red  n e e d le s , m.p.  2p 9°> 
o f  b is (c lip h en y lp h o sp h in o )e th y lam in e  n ic k e l ( I I )  c h lo r id e .
Pound: N, 2 .6/0. Cg^H^Cl^NNiPg re q u ire s  N, 2 . 6/0 ,
/
R e a c t ion o f  ( I )  w ith  n i c k e l ( I I )  c h lo r id e  w ith o u t due re g a rd  to  
e x c lu s io n  o f  m o is tu re .
N ic k e l ( I I )  c h lo r id e  hex ah y d ra te  (0 .93g; 4 .0  m.mole) was h e a te d  
a t  100°  i n  vacuo fo r  \  hour a f t e r  which tim e ( I ) ,  (2 . 3g; 4 . 2  m.mole) 
i n  benzene (30 ml) was in tro d u c e d . The m ix tu re  was h e a te d  under 
r e f l u x  f o r  17 ho u rs  a f t e r  which th e  p r e c ip i ta te d  re d d ish -o ra n g e  s o l id  
was f i l t e r e d  o f f ,  and d is so lv e d  in  ch lo ro fo rm  to  remove u n re a c te d  
n ic k e l  c h lo r id e .  A d d itio n  o f  l i g h t  petro leum  ( b . p . > 1 2 0  ) to  th e  
ch lo ro fo rm  s o lu t io n  gave a red  s o l id  which was r e c r y s t a l l i s e d  from
6^ .
d im eth y lfo rm am id e-e th e r to  g iv e  sm all re d  n eed le s  o f  ^ -d ip h e n y l-  
p h o sp h in o ^ -e th y l- 'E -e th y la m in o p h e n y lp h o o p h in e  n i c k e l ( I I ) c h lo r id e  
(Fn^PHEt. PPh. i f lE t . NiC 1 ) . m.p.  25 9 -  265 0 .
Found: C, 51 .8 ; H, 5 .2 ;  if, 5 .4 . 1 2 .0/i. C22H26C^ -2iNi2N i'P2
y
r e q u i r e s  C, 5 1 . 8 ; H, 5*1; 5*5; P> 1 2 . 2^  .
B i s (N -diphenylph os ph in o -N -m eth y l)d i (am ino)pheny lp h o sp h in e(I ) .
D i(m ethylam ino)phenylphosph ine ( l2 .3 g ; O.O76 m ole) in  n -pen tano
(lOO m l) was added drop,vise to  d ipheny lch lo ro p h o sp h in e  (33*3g; O.15
m ole) and tr ie th y la m in e  (3^ ml) in  n -p en tan e  (lOOO m l) a t  0 ° .
F i l t r a t i o n  y ie ld e d  53*4g. w h ite  s o l id  which was d r ie d  under 
re d u c e d  p re s s u re  and e x tra c te d  w ith  e th e r  (25O ml ) .  E v ap o ra tio n  
o f  th e  e th e r  s o lu t io n  to  d ryness gave 2~f A g .  o f  w h ite  s o l id  which 
was r e c r y s t a l l i s e d  from n itro m eth an e  to  g iv e  long  w h ite  n e e d le s  
l 2 2 . 1g; 54ft) m.p.  136 -  133°•
Found: C, 7 1 .5 ; H, 6 .0 ; N, 5 .4 ;  P , 1 7 . 1^ .
r e q u ir e s  C, 71*&; 5*3; U, 5*2; F , 17*3/6 •
1 , 3-b is u lp h id e  ( I I ) *
( I )  (1 . 15s ;  2 .1  m.mole) in  benzene (25 ml) was h e a te d  under
r e f lu x  w ith  e le m e n ta l su lp h u r (0 .13g ; 4 .1  m.mole) fo r  1 h o u r.
Removal o f  th e  benzene l e f t  a whit© s o l id  which was r e c r y s t a l l i s e d
o
frcm  n itro m e th a n e  to  w h ite  p la te s  m.p.  191*5 -  19^ •
Pound: C, 63*9; 5*®» 4 .8 ; P , 15*5; S, l0 .o /> .
C32V p P3S2 r e q u ire s  C, 64 .0 ; H, 5*2; 4 .7 ;  F> 15*5; 1^*7/° •
/ l ,  2 , 3“ t r i s n lp h id e
66.
1 ,  2 ,  3 ~ ir i su Ip h id e  o f  ( I I ) .
( I )  (3 . 14gj 3 *9 m.mole) was re f lu x e d  w ith  su lp h u r ( 0 .97if^
3O.3  m .m ole) fo r  17 hou rs  in  benzene (30  ml ) .  Removal o f  th e  
benzene l e f t  a w h ite  s o l id  which was r e c r y s t a l l i s e d  from d im eth y l-  
form am ide to  g iv e  w h ite  n eed le s  m.p.  181.5 -  183°.
Pound: C, 6 0 .8 ; H, 4 .9 ; N, 4 .3 ;  P , 1 5 ^ ;  S, 1 5 .4$ .
C32H3 i K2I>3 S3 rec*u i r e s  c » 6 0 .8 ; H» 4 *9; 4 *4 ; p > i 4 *7; s , 1 5 . 2;* .
M e th y lio d id e  adduct o f  ( I I ) .
( I )  ( l .0 7 g ; 2 .0  m.mole) w ith  excess m e th y l 'io d id e  in  e th e r
gave a  w h ite  s o l id  which was r e c r y s t a l l i s e d  from e th a n o l to  g iv e
w h ite  c r y s ta l s  ( l . 27g; 94/°) m.p.  c a . 111°  (decom p.) .
Pound: N, 4.0/?. C H IN P re q u ire s  N, 4.1/> .
33 34 2
Chromium t r i c a r  bony 1 complex o f  ( I I ) .
( I I )  ( l . l 2g> 2 .1  m.mole) in  diglyme (5 O ml) was h e a te d  under
r e f lu x  w ith  chromium hexacarbony l (0 .4og; 2 .1  m.mole) fo r  24 h o u rs .
Removal o f  th e  diglym e gave a waxy orange s o l id  which was r e ­
c r y s t a l l i s e d  from n itro m eth an e  to  g iv e  yellow  n e e d le s , m.p.  253 -  260  .
Pound: C, 6 l.5 ; 4 *7; 4 *°; P> 13*9^* C^H^CrNgO-^P^
r e q u ir e s  C, 6 2 .5 ,* 4 •!> 4 , 2 ; p > 13•8/° .
Molybdenum tr ic a r b o n y l  complex o f ( I I ) .
( I )  (1  . 2g> 2 .1  m.mole) in  a c e t o n i t r i l e  (50  m l) was h e a te d  under
r e f lu x  v /ith  molybdenum hexacarbony l (0 »51g; 1*9 m.mole) f o r  l-g* h o u rs .
Removal o f th e  a c e t o n i t r i l e  l e f t  an o range-ye llow  s o l i a  ?/hich was
/ r e c r y s t a l l i s e d
r e c r y s t a l l i s e d  from dim ethylform am ide to  g iv e  yellow  g ra n u la r  
c r y s t a l s  m,;p. 269°  (decomp. ).
Pound: C, p S .6 ; H, 4 .5 ;  N, 4 .1 ;  P , 12.9/*.
r e q u i r e s  C, 5 8 .7 ; H, 4 .4 ;  N, 3 . 9 ; P , 13.0/1 .
T ungsten  t r i c a r b o n y l  complex o f ( I I ) .
( I )  ( l . l 3 g ;  2 .0  m.mole) in  a c e to n i t r i l e  (50  ml) was h ea ted
u nder r e f lu x  v/ith  t r i s ( a c e t o n i t r i l e ) t u n g s t e n  t r i c a r b o n y l  (0.7Sg; 
2 .0  m.mole) fo r  1 h o u r . The p r e c ip i ta te d  yellow  c r y s ta l s  were 
r e c r y s t a l l i s e d  from dim ethylform am ide to  g iv e  yellow  g ra n u la r  
c r y s t a l s  m.p .  296 (decomp.) .
Found: C, 5 2 .3 ; H, 3 J ;  N, 3 .7 ; P , 1 1 .4 g
r e q u ir e s  C, J 2 . 2 ; H, 3*9; *1 3 d l  11.6/k .
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70.
introduction .
I t  i s  w e ll known t h a t  th e  m ethyl p ro to n s  in  an is o p ro p y l
group  a d ja c e n t to  an asym m etric c e n tre  w i l l  be m a g n e tic a lly
n o n e q u iv a le n t as shown by t h e i r  *H n .m .r .  s p e c tr a  . Unequal
p o p u la t io n  o f  tn e  v a r io u s  conform ers m  such m olecu les i s
2 3n o rm a lly  accep ted  as th e  cause o f nonequivalence ’ a lthough  
4Waugh and C otton  have p o in te d  o u t t h a t  when th e  asymmetry o f
s u b s t i t u t i o n  i s  s u f f i c i e n t l y  low , th e  nonequ ivalence o f  th e
g em in a l g roups o r atoms can p e r s i s t  even when th e  conform ers a re
a .l l  a c c id e n ta l ly  o f  eq u a l energy o r when in t e r n a l  m otion i s  f r e e .
G-utowsky^ has shown t h a t  th e  gem inal f lu o r in e  n u c le i in  th e
m o le c u le  CFgBr.CFBrCl rem ain n o n eq u iv a len t over a w ide range  o f
te m p e ra tu re s  and has a t t r ib u t e d  t h i s  behav iou r to  th e  in h e re n t
asymm etry o f . th e  m o le c u le .
I n  th e  ev en t o f  a change in  th e  m agnitude o f nonequ ivalence
w ith  te m p e ra tu re , a change in  p o p u la tio n  o f  th e  conform ers i s
in fe r re d -^ . P re fe r re d  confo rm ations have been a t t r i b u t e d  to
^ "7 ^ 9s o lv e n t  e f f e c t s ,  phenyl s u b s t i tu t io n  , hydrogen bonding or
i ° , n  ■ . . '
t o  a com bination  o f  th e se  f a c to r s  . Slow in v e rs io n  about 
n i t r o g e n ^  has a ls o  been proposed as a p o s s ib le  e x p la n a tio n  fo r  
th e  no n eq u iv a len ce  o f th e  gem inal m ethyl groups a t ta c h e d  to  n i t ro g e n  
i n  th e  m o lecu le  FhPiClJhMeg.
N onequivalence o f th e  m ethyl p ro tons in  th e  is o p ro p y l groups
/ o f
o f  th e  compound d i(iso p ro p y lam in o )p h en y lp h o sp h in e , PhP(NHPr  ) 
h a s  r e c e n t ly  been r e p o r te d 1^ , and in  s e c t io n  4 a , an a ttem p t i s  
made to  r e l a t e  q u a l i t a t iv e ly  th e  m agnitude o f  nonequ ivalence in  
t h i s  compound and i t s  d e r iv a t iv e s  to  th e  s t r u c t u r a l  f e a tu r e s  o f 
th e  m o lecu le  and to  changes in  s o lv e n t .
S e c tio n  4b d e a ls  w ith  th e  'H n .m .r .  s p e c tr a  o f some 
m e th y la m in o -su b s titu te d  phosphines v/hich have been in te r p r e te d  in  
te rm s o f  A^BX sp in  sy stem s.
S e c tio n  4c d e a ls  w ith  arom atic  re g io n  o f  p h e n y l-s u b s ti tu te d  
am inophosphines in  g e n e ra l .
In  n e u te r o c n lo r o fo r m  s o lu t io n  a t  33 > th e  is o p r o n y l  m e th y l  
s i g n a l s  o f  compounds I -  V (T ab le l )  c o n s i s t  o f  a d o u b le t  by 
c o u p l in g  t o  th e  m eth in e  p ro to n s  (j h_C~C-H ^  6 . °  -  6.5  c / s e c . ;
^  C-5 c / s e c . )  which i s  doubled ag a in  due 
t o  m agnetic  n o n eq u iv a len c e . S ig n if ic a n t  nonequ ivalence i s  n o t 
o b se rv ed  in  th e  s p e c tr a  o f  compounds VI and VII where th e  phenyl 
g ro u p  a t ta c h e d  to  phosphorus has been re p la c e d  by a phenoxy -  and 
a dim ethylam ino -  group r e s p e c t iv e ly ;  nor i s  i t  observed  when 
asymmetry a t  phosphorus i s  removed on s u b s t i tu t io n  o f  one o f  th e  
iso p ro p y la m in o  -  groups by a phenyl group.
(Compounds V III  -  X).
N o n e q u iv a le n c e  o f  th e  m eth y l grou p s w ould  th e r e fo r e  appear t o  
d ep en d  on th e  p r e se n c e  o f  an asym m etric phosphoru s atom w h ich  h as  
a p h en y l g ro u p  d i r e c t l y  a tta c h e d  t o  i t .  The m a g n etic  n o n e q u iv a le n c e  
o f  th e  m e th y l grou p s i n  compound I I I  i s  s t r o n g ly  tem p era tu re  
d ep en d e n t ( F ig s .  l a  and l b . ) ,  in d ic a t in g  th e  p r e se n c e  o f  an exch an ge  
p r o c e s s  th e  r a t e  o f  w h ich  sh o u ld  be m easu rab le  on th e  n .m .r .  tim e  
s c a l e .  T h is  e f f e c t  i s  u n l ik e ly  t o  be th e  r e s u l t  o f  r e s t r i c t e d  
r o t a t i o n  o f  th e  is o p r o p y l  grou p  r e l a t i v e  t o  th e  asym m etric c e n t r e  
s i n c e  Gutowsky h a s shown t h a t  n o n e q u iv a le n c e  sh o u ld  in h e r e n t ly  
p e r s i s t  a t  e l e v a t e d  te m p era tu re s  i n  th e  p rese n c e  o f  an asym m etric  
c e n t r e .  A more l i k e l y  e x p la n a t io n  i s  th a t  th e  r e l a t i v e l y  h ig h  
r a t e s  o f  in v e r s io n  a t  n it r o g e n  e f f e c t i v e l y  a v era g e  o u t ch e m ic a l
/ s h i f t
TABLE l .
C hem ical s h i f t s  o f  m ethyl p ro to n s  in  CLCl o f some is o p ro p y l amino
s u b s t i tu t e d  p h o sp h in es .
Compound X  V alues c 8ch ( c / s e c . )
PbPfK H Prhp U ) 8 . 8 3 , 8 .8 7 2 .2
PhP(HHPr1 )20 ( I I ) 8 . 8 9 , S . 92 2 .3
PhP(IfflPr1 )2 S ( I I I ) 8 . 8 9 , 8 . 9O 1-5
P h P lM ip f jg S e  (IV) 8 . 8 3 , 8 .9I 3 .2
P h P (IfflPr1 ) e l  (V) 8 . 5 8 , 8 .6 8 6 .1
PbO|? (IsHPr1 ) 2 (VI) 
o
8 .8 6 0 .5
I l e ^ n H P r b g  (V II) 
0
8 .8 5 c a . 0 .8
P n ^ lN H P r1 ) (V III) 8 .8 9 O.5
Ph PfSjIvHPr1 (IX) 8 .85 O.5
PhgPI'JHPr^iel U) 8 .6 6 O.5
Snrr re fe r©  to  chem ica l s h i f t  d if fe re n c e  between m ethyl p ro to n  s ig n a ls
3
s h i f t  d i f f e r e n c e s .  I n  tu r n , n it r o g e n  in v e r s io n  r a t e s  appear to  
be in f lu e n c e d  by p ro to n  exch an ge a t  t h a t  c e n t r e .  T hu s, th e  M U  
s i g n a l  o f  I I I  a t  33 (N ig . l a )  i s  an ex ch a n g e-b ro a d en ed , s p in -  
c o u p le d  t r i p l e t  a t  X  7*75' w here ~  ~  9 c / s e c . ,
w h erea s a t  - 60° ,  i t  i s  q u ite  a sh a rp  t r i p l e t . (F ig .  l b ) .
A c o r r e l a t i o n  between p ro to n  exchange r a te s  and th e  m agnitude 
o f  n o n eq u iv a len ce  i s  shown in  a s tu d y  o f  th e  e f f e c t  o f  s o lv e n t  on 
t h i s  p aram eter (T ab les 2a -  2e ) .  I n tro d u c t io n  o f sm a ll q u a n t i t i e s  
o f  dry  hydrogen c h lo r id e  in to  d eu te ro ch lo ro fo rm  s o lu t io n s  o f I I I  
and IV r e s u l t e d  in  th e  rem oval o f n o n eq u iv a len c e . At th e  same 
t im e , th e  NH -  s ig n a l  moves dow nfield  and c o a le sc e s  to  a sh a rp  
s i n g l e t  reso n an ce  (see  F ig . l c ) .  The m eth ine p ro to n  s ig n a l  a lso  
sh a rp e n s  up in  each case  and may be reco g n ised  as two o v e rla p p in g  
s e p te t s  (^p_£j = 1 1 .0  c / s e c .  fo r  I I I  and 11 .2  c / s e c .  f o r  IV ).
I t  i s  w orth  m e n tio n in g  h e r e  t h a t  a t  h ig h e r  c o n c e n tr a t io n s  o f  h ydroge  
c h lo r id e  ( s a tu r a t e d  s o lu t io n )  some P-N bond c le a v a g e  o c c u r r e d  w ith  
fo r m a tio n  o f  iso p r o p y la m in e  h y d r o c h lo r id e .  T h is o b s e r v a t io n  
s u g g e s t s  t h a t  p r o to n a t io n  d oes i n  f a c t  o ccu r a t  n i t r o g e n .
P ro to n  exchange r a t e s  such as th o se  p re v a i l in g  7/hen sm all 
c o n c e n tra t io n s  o f a c id  a re  p re s e n t a re  l i k e ly  to  be accompanied by 
a  r e l a t i v e l y  h igh  r a t e  o f  n i t ro g e n  in v e rs io n  cf. th e  analogous 
b eh av io u r o f d ibenzylm ethylam ine in  aqueous a c id  s o lu t io n  .
H en ce , i n  th e  p r e se n c e  o f  dry h yd rogen  c h lo r id e ,  d e u te r o c n lo r o fo r m
/ s o lu tio n s
I l l  a t  33l a
TMS
CH m
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(a ) EhP(0)(riHP 1 )0 ( I I ) .r  2
S o lv e n t £  CH^ x  m
d e u te r o c h lo r o fo r in 2.3 7.56
d eu ter o ch lo r o fo rm /H C l 1 .4 7 .3 7
b en zen e 3 .0
p y r id in e 3 .9 5.30
h ex ame th y  lph o s ph o r  ami de 8.1 5 . 5 i
(b) P h P tS jfN d P ^ lg  ( I I I ) .
S o lv e n t SCH^ x  m
d e u te r o c h lo r o fo r in 1 .5 7 .7 5
d eu tero ch lo ro fo rm /H C l
b en zen e 8.05
p y r id in e 5.40
hexam ethylphosphorarnide • 6 .6 5.29
( 0 ) P n P (S e )( i ®Pr1 ) 2 ( iv ] .
S o lv e n t SCH^ X  i'H
d eu te r o c h lo r o fo r in 3.2 7 .6 6
d e u te r o c h lo r o fo n n /H C l 5 .8 1
b en zen e 7 .3 9
p y r id in e 5 .2 9
h exam ethy1ph os ph or a n i de f -'Omd 5 . 2 3
TABLE 2 ( c o n t in u e d ) .
(d) PhP(LHP 1 U e l . ( V ) ,r  ^
S o lv en t S' ch3 r  nh
d eu te ro ch lo ro fo rm 6 .1 4 .4 4
deu teroch lo ro fo rm /H C l 5*4 4 .6 1
benzene —  in s o lu b le  —
p y r id in e 4 .2 ---- *
h ex ame th y  lph os ph o r amide 6 .1 ------
(e )  PhP(NHP 1r )2 . ( D .
S o lv en t x  m
d e u te ro ch lo ro fo rm 2 .2 8 .0 2
d e u te ro ch lo ro fo rm /h C l 2 .6 c a .  6
benzene 3-2 8 .2 5
p y r id in e 2 .4 7-33
hexam ethylphosphorarnide 2 .5 c a . 6 . 65
74.
s o lu t io n s  o f H I  and IV may n o t e x h ib i t  n onequ ivalence  as a r e s u l t  
o f  tn e  in c re a s e d  rao e  o f  in v e rs io n - .a t n i t ro g e n  e f f e c t iv e ly  
a v e ra g in g  o u t th e  asymmetry e f f e c t  a t  phosphorus.
The above argum ents have been a p p lie d  s o le ly  to  th e  h eh av io u r 
o f  compounds H I  and IV. A d d itio n  o f hydrogen c h lo r id e  to  
d e u te ro ch lo ro fo rm  s o lu t io n s  o f  I ,  I I  and V does n o t r e s u l t  in  
d isa p p e a ra n c e  o f  n o n eq u iv a len ce . I t  i s  re a so n a b le  to  assume t h a t '  
t h e  n i t ro g e n  atoms in  th e  m ethyl io d id e  adduct (V) a re  v i r t u a l l y  
n o n -b a s ic  as a d i r e c t  consequence o f be ing  a d ja c e n t to  a q u a te rn is e d  
phosphorus atom. The f a i l u r e  o f  added hydrogen c h lo r id e  to  remove 
n o n eq u iv a len c e  by p ro to n a tio n  a t  n i t ro g e n  can th u s  be e x p la in e d  on 
t h i s  b a s i s .
The behav iour o f compounds I  and H  i s  l e s s  r e a d i ly  e x p la in e d .
I n  th e  c a se  o f th e  o x id e ( H ) ,  nonequ ivalence p e r s i s t s  n o t on ly  on 
a d d i t io n  o f  dry  hydrogen c h lo r id e  b u t a ls o  a t  te m p e ra tu re s  up to  60 
i n  m ethy lene c h lo r id e  s o lu t io n .  I t  has been e s tim a te d  t h a t  
n o n eq u iv a len ce  d isa p p e a rs  around 60 in  th e  case  o f th e  su lp h id e . 
A lthough  t h i s  p a r t i c u l a r  te m p era tu re  range i s  r a th e r  l im i te d ,  i t  i s  
s t i l l  d i f f i c u l t  to  u n d e rs tan d  why th e  o x id e ( IH )  and th e  su lp h id e  ( I I I ) 
sh o u ld  d i f f e r  to  such an e x te n t .
I f  th e  r a t e  o f  in v e rs io n  a t  n itro g e n  i s  c o n s id e re d  to  be th e  
m ain f a c t o r  in  d e te rm in in g  th e  m agnitude o f  none q a iv a le n c e , it ,  would 
ap p ea r t h a t  th e  r a t e  o f  in v e rs io n  in  th e  case  o f th e  ox ide i s  l e s s  
r e a d i ly  a f f e c te d .
9
/T h ere
i h e re  i s  some ev idence from, in f r a - r e d  s tu d ie s  to  su g g e s t t h a t
th e  compound PhP(0) (hHPr1 i 3 in t ra m o le c u la r ly  hydrogen bonded
15i n  d i l u t e  s o lu t io n  and N y qu ist has proposed t h a t  th e  e x is te n c e  o f
two bands in  th e  All— re g io n  ;(d i l u te  s o lu t io n )  o f  th e  in f r a - r e d
sp ec tru m  o f compounds o f th e  ty p e  (RO) P(0)NHR may be due to  c i s -
and t r a n s - c o n f ig u r a t io n s  o f th e  M i- group w ith  r e s p e c t  to  th e
p h o sp h o ry l g roup .
The e x is te n c e  o f  s t ro n g ly  in tra m o le c u la r ly  hydrogen bonded
s p e c ie s  can be used  somewhat s p e c u la t iv e ly  to  e x p la in  c e r t a in
d i s t i n c t i o n s  between th e  ox ide and th e  s u lp h id e . There i s  in  f a c t
e v id en ce  t h a t  phosphine su lp h id e s  o f  th e  ty p e  (ROlgPlSjAHR a re  a lso
15
in t r a m o le c u la r ly  hydrogen bonded . However, in  view o f  th e  
g r e a t e r  e l e c t r o n e g a t iv i ty  o f oxygen r e l a t i v e  to  s u lp h u r , such e f f e c t s  
a r e  c o n s id e re d  to  be le s s  im p o rta n t in  s o lu t io n s  o f th e  s u lp h id e s .
Prom T able 2b i t  cen be seen  th a t  th e  m ethyl p ro to n  s ig n a l  o f  H I  
i s  s im p ly  a d o u b le t ^ .3  c / s e c . )  in  benzene o r p y r id in e
s o lu t i o n .  The la rg e  s h i f t  to  h ig h e r f i e l d  in  benzene and th e  s h i f t  
t o  low er f i e l d  in  p y r id in e  o f th e  H H -signal (Table 2 b) su g g es ts  t h a t  
th e  amino—nro to n  i s  so lv a te d  in  each case^" , 3 1©.
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T his  s p e c i f i c  s o lv a t io n  by arom atic  m olecu les i s  c o n s id e re d  to  
av e ra g e  o u t th e  a n is o tro p ic  s h ie ld in g  e f f e c t  o f th e  phenyl g roup  
a t ta c h e d  to  phosphorus. In  p y r id in e ,  hov/ever, th e  s ig n a l  o f
th e  ox id e  does n o t move dow nfie ld  to  such a g r e a t  e x te n t  su g g e s tin g  
t h a t  s o lv a t io n  i s  n o t so e f f i c i e n t .  The r e te n t io n  o f  i n t r a ­
m o le c u la r ly  hydrogen bonded sp e c ie s  in  t h i s  c a se  i s  c o n s id e re d  to  
h in d e r  th e  s o lv a t io n  o f  th e  nti p ro to n s  w ith  th e  r e s u l t  t h a t  th e  
s h ie ld in g  e f f e c t  o f  th e  phenyl group a t ta c h e d  to  phosphorus i s  n o t 
e f f e c t i v e l y  averaged  o u t .  The same argum ent may be a p p lie d  to  
benzene s o lu t io n s  o f  th e  o x id e . The chem ical s h i f t  o f  th e  Mi 
p ro to n s  cou ld  n o t be determ ined  in  t h i s  ca se  due to  th e  f a c t  t h a t  
th e  ox ide  i s  f a i r l y  in s o lu b le  in  benzene.
In  th e  hydrogen bond ing , n o n -arcm atic  s o lv e n t ,  hexam ethy lphosphor- 
am ide, th e  m agnitude o f th e  nonequ ivalence  o f  th e  m ethy l p ro to n s  o f  
compounds I I ,  I I I  and IV i s  c o n s id e ra b ly  in c re a s e d .  I n  t h i s  b a s ic  
s o lv e n t ,  i t  i s  re a so n a b le  to  assume t h a t  c o n d itio n s  o f  slow  o r  no 
p ro to n  exchange occur due to  s tro n g  in te rm o le c u la r  a s s o c ia t io n .
Thus th e  TiH s ig n a ls  a re  f a i r l y  sh a rp  t r i p l e t s  a t  c_a. T 5 .4 ( c f .F ig .  I d ) .
The converse  e f f e c t s  o f  s o lv a t io n  by a rom atic  m o lecu les  have 
a lre a d y  been d isc u sse d  in  th e  case  o f  th e  su lp h id e  and tn e  same
id e a s  may be ex tended  to  th e  s e le n id e  (IV ).
The m agnitude o f th e  n onequ iva lence  o f  th e  m etnyl p ro to n s  in
compound ( I )  i s  v i r t u a l l y  u n a f fe c te d  by change o f  s o lv e n t .  I t  i s  
q u i te  p o s s ib le  t h a t ,  once a g a in , in t r a m o le c u la r ly  hydrogen bonded
/ sp e c ie s
s p e c ie s  o f th e  ty p e
H
a re  e f f e c t iv e  in  p re v e n tin g  e x te n s iv e  s o lv a t io n  o f  th e  p ro to n s  
by a l l  th e  s o lv e n ts  so f a r  d is c u s s e d . Four-membered r in g s  
c o n ta in in g  p h o sp h o ru s (I I I )  and n itro g e n  a re  f a i r l y  w e ll  known in  
am inophosphine c h e m is try . T h e ir  ready  fo rm a tio n  i s  made p o s s ib le
by th e  r e l a t i v e l y  sm a ll ang le  a t  phosphorus in  p h o s p h o ru s ( I I I ) 
com pounds•
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The pure l i q u id  fH n .m .r .  s p e c t r a  o f  th e  compounds FnP(EHi.Ie (X I) , 
PhgP'^Me (X I I ) and P h P ( le ) lirlivle {J ill  I ) (F igs . 2 a -  2 d) have been 
in t e r p r e t e d  in  term s o f  s p in  system s w hich a re  doubled  by 
co u p lin g  o f  th e  m ethy l and em ino-p ro tons (A^B system ) w ith  phosphorus (X ).1^
The c h a r a c t e r i s t i c s  o f  A^B s p in  system s a re  f a i r l y  w e ll  knovm 20
and i t  can  be shovm t h a t  as ^o^AB d ec re ase s  r e l a t i v e  to  J^B* ^ne 
number o f  s p e c t r a l  l i n e s  may in c re a s e  to  a  maximum o f  l 6 i n  th e  
ex trem e c a s e . T h e o re t ic a l  s p e c t r a  have been W orked o u t f o r  a la rg e  
number o f  ^o^AB v a lu e s  and when ~»0 S ab b’ne o rd e r  o f  40
'AB 'AB
th e  spec trum  has th e  fo llo w in g  appea rance:
LOW FIELD U l . l _________ HIGH FIELD
I n  u r a c t i c e ,  t h i s  i s  seen  as a b road en in g  o f  th e  s ig n a ls  v iz
In  view o f th e  f a c t  t h a t  th e  sp in  system s in  compounds XI _ X III 
a r e  on th e  b o rd e r l in e  betw een A^BX and A^-X s p in 's y s te m s  (ex ce p t a 
n e a t  sam ple o f  XI a t  60 H c /s e c . ) ,  i t  i s  p o s s ib le  to  d e te rm in e  c o u p lin g  
c o n s ta n ts  f a i r l y  a c c u ra te ly  by in s p e c t io n .  S p e c tra l  d a ta  and 
c o u p lin g  c o n s ta n ts  a re  g iv e n  in  T ab le 3» ^'n.e N -m ethyl p ro to n  s ig n a l
i n  each ca se  c o n s is ts  o f  a d o u b le t by co u p lin g  ? /ith  th e  am ino-p ro tons
(Jp  ^ = 5*5 c / s e c . )  which i s  doubled ag a in  by c o u p lin g  w ith
20  c /s e c 20 c /s e c
mm
P i g .2b . PhP(MiMe )2 (lO Q LIo/secJ
Ho
 >




Compound X  v a lu e s C oupling c o n s ta n ts l c / s e c .
r  iMCH t  JTCil J BNCH J PCii J PxH J HWCH
PhP(AliMe 7-58 ---- c a . 7 *8 1 0 .0  — c a . 1 3 . C 5 0
Ph PM de 7 .6 2 — 8 .1 8 1 0 .5  — ■— 5 .6
PhP(Me ) ™ e 7 .6 7 8 .6 7 c a . 8 .4 9 .2  5 0 .— 5 .4
TABLE 4 .
S o lv e n t P roton  Chem ical S h i f t s T AH —
X EH XC&j
cy c lo h ex a n e 7.93 7.54 0 .4 4
benzene
♦
no r e fe r e n c e  taken 0.73
p y r id in e 6.97 7 -4 4 - 0 .4 7
n e a t sample 7 .3 0  7.58 0 .2 2
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phosphorus (Jp_i.j_c_H = 11 c / s e c . )
The hH -pro ton  s ig n a l  i s  a broadened m u l t ip l e t  in  each c a s e ,
b ro a d e n in g  being  a t t r i b u t e d  to  p ro to n  exchange and to
q u ad ru p o la r  c o u p lin g  ’ . In  th e  spectrum  o f XI a t  60 and 100 M c/sec .
i t  o v e r la p s  to  some e x te n t  w ith  th e  m ethy l p ro to n  s ig n a l .  By
v a ry in g  th e  s o lv e n t  (T able 4) i t  i s  p o s s ib le  to  in c re a s e
s u f f i c i e n t l y  to  a llo w  m easurem ents to  be made on a f i r s t  o rd e r  b a s i s .
I n  benzene s o lu t io n  a t  a f i e l d  s t r e n g th  o f  ICO M c/sec . th e  AH s ig n a l
o f  (XI) can be re c o g n ise d  as a p a i r  "of o v e r la p p in g  q u a r te ts
= 13  c / s e c ;  5 -5  c / s e c . )
The la rg e  chem ica l s h i f t  d if f e r e n c e  in  benzene as s o lv e n t  has
p e rm it te d  u se  o f  th e  double reso n an ce  te c h n iq u e  and th e  m e th y l
p ro to n  s ig n a l  o f  XI y /ith  th e  p ro to n s  sp in -d e c o u p le d  i s  shown in
F i g .  3 .  The d o u b le t s e p a ra t io n  o f  lO.O c / s e c . co n firm s th e
ass ig n m en ts  made in  T able 3 -to •
The s h i f t  to  h ig h e r  f i e l d  o f  th e  I'M p ro to n . 's ig n a l  su g g e s ts  t h a t
th e r e  i s  a s p e c i f i c  s o lu te - s o lv e n t  i n t e r a c t i o n  in  w hich th e  i'K -p ro to n s
lija re  s h ie ld e d  by com plexing w ith  benzene i . e .
H
.  Ig>p------ «—
I n  th e  b a s ic  s o lv e n t  p y r id in e ,  a c h a r a c t e r i s t i c  s h i f t  o f  th e
rJH -proton s ig n a l  to  low er f i e l d  i s  o b se rv ed . At th e  same tim e th e  
m e th y l-p ro to n  s ig n a l  shows a r e v e r s a l  in  th e  h ig h  f i e l d  -  low f i e l d  
d o u b le t i n t e n s i t y  r a t i o s .  (AB^X sp ec tru m ).
/T he
Ho : >
20  c / s e c .CH.
(HH -  decoupled)
Fig .- 3 . HZTKYLJP3CTCH HL-50JAJCE SIGHAL OF XI (lOCil c / s e c .)
8 0 .
The pure l i q u id  spectrum  o f  XI a t  60 M c/sec . i s  f a i r l y  f a r
removed from th a t  ex p ec ted  f o r  a f i r s t  o rd e r  spectrum  ( ^ oS.a.3 ^  p)
J AB
and i t  i s  n o t p o s s ib le  i n  t h i s  case  to  d e te rm in e  a c c u ra te  v a lu e s  
o f  c o u p lin g  c o n s ta n ts  by in s p e c t io n .
The m agnitude o f  ^p_pf_Q_ip£ i n th e s e  compounds i s  com parable w ith  
e x i s t in g  d a ta  fo r  P ( l I I ) - h  and P(V)«n compounds. I t  i s  i n t e r e s t i n g  
t o  n o te  t h a t  in  th e  spectrum  o f  compound X III has a lm o st
doub le  th e  v a lu e  o f  J p  The m agnitudes o f  th e s e  co u p lin g
c o n s ta n ts  a re  very  s im i la r  to  th o se  observed  f o r  d im eth y lam in o d i-
22m eth y lp h o sp h in e , MegXP-.^ > -  9*8 c / s e c . * Jp„C_H = 5*6  c / s e c . )
C o w le y ^  has su g g es ted  t h a t  th e  r e l a t i v e l y  h ig h  v a lu e  o f
may be due to  c o n ju g a tiv e  o r e l e c t r o n e g a t iv i ty  e f f e c t s .  Hov/ever,
th e  o b se rv a tio n  t h a t  ^p_c_H i s  sm a lle r  th a n  Jp_C-C.«H -*-n SOIIie e th y l
24s u b s t i tu t e d  phosphines where such e f f e c t s  a re  r e l a t i v e l y  u n im p o rta n t 
su g g e s ts  t h a t  th e  above in t e r p r e t a t i o n s  may n o t be v a l id .
AROMATIC PROTON S Id h A L S  OF SOME A M IhO P H O S P riln iL S .
The arom atic  p ro to n  s ig n a l s  in  th e  fH n .m .r .  s p e c t r a  o f  p h en y l- 
s u b s t i tu t e d  em inophosphines a re  g e n e ra l ly  r a th e r  complex and no 
a tte m p t i s  made h e re  to  d isc u ss  them in  any g r e a t  d e t a i l .  I n  th e  
f r e e  sm inophosphines (p h o s p h o ru s ( I I I ) compounds) th e  a ro m a tic  p ro to n  
s ig n a l  i s  u s u a l ly  (n o t a lw ay s) a f a i r l y  sh a rp  s ig n a l  in  th e  re g io n  
X 2 A  -  2 . 6 . On o x id a tio n  o r q u a te r n is a t io n ,  two d i s t i n c t  s e t s  o f  
c h e m ic a lly  s h i f te d  m u l t ip le t s  a re  ob serv ed . D ata o b ta in e d  from a
/ v a r i e t y
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v a r i e t y  o f  p h o sp h o ru s ( I I I )  and phosphorus(V ) compounds (T able 5 ) 
show t h a t  th e  h igh  f i e l d  — low f i e l d  m u l t ip l e t  i n t e n s i t y  r a t i o  i s  
always ap p ro x im ate ly  3 ; 2 and t h a t  th e  chem ica l s h i f t  d i f f e r e n c e  
in c re a s e s  in  th e  o rd e r  phosphine < phosphine o x ide  <  phosphine 
s u lp h id e ^  s e le n id e  ~  m e th io d id e .
A 3 *‘2 r a t i o  im m ed ia te ly  su g g e s ts  t h a t  th e r e  i s  some d i s t i n c t i o n  
betw een th e  o r th o  and p a ra ,  and m eta p r o to n s , th e  m eta p ro to n s  b e in g  
d e s h ie ld e d  r e l a t i v e  to  th e  o r th o  and p a r a . Such a d i s t i n c t i o n  
o b v io u s ly  can n o t be e x p la in e d  f o r  a l l  c a se s  i n  term s o f  c o n ju g a tio n  
in v o lv in g  th e  phosphorus lo n e  p a i r  and th e  a ro m atic  r i n g .  i . e .
A more l i k e l y  e x p la n a tio n  i s  t h a t  o n ly  th e  o r th o  p ro to n s  a re  
d e s h ie ld e d  by a p ro cess  o f  in d u c tio n  r a th e r  th a n  c o n ju g a tio n . I t
21 26h a s  i n  f a c t  been e s ta b l i s h e d  * t h a t  th e  p h ospho ry l g roup  i s  a 
m o d e ra te ly  s tro n g  e le c t r o n  a c c e p to r  s u b s t i t u e n t ,  and t h a t  th e
p-7 2 3
d e s h ie ld in g  e f f e c t  on an o rth o  p ro to n  may be q u a l i t a t i v e l y  r e l a t e d * 
t o  in d u c t iv e  and reso n an ce  e f f e c t s  o f th e  s u b s t i t u e n t .
From T able 5  i t  would app ea r t h a t  th e  th io p h o sp h o r.y l g roup  i s  
a b e t t e r  e le c t r o n  a c c e p to r  th a n  th e  phosphcr.yl g roup  w hich su g g e s ts  
t h a t  th e  s tro n g  e le c t r o n  v /ithdraw ing  e f f e c t  o f  oxygen i s  in  some 7/ay 
com pensated by back bonding to  phosphorus £(p—> d ) r f  i n t e r a c t io n j  .
I t  i s  o f  some i n t e r e s t  t h a t  a s i g n i f i c a n t  chem ical s h i f t  
d i f f e r e n c e  i s  observed  f o r  th e  p h o s p h o ru s ( I I I ) compounds I ,  XI
/XIV
A rom atic p ro to n  chem ical s h i f t s  o f some am inophosoh ines.
Compound X v a lu es  (a p p ro x .)  #• s x
P n i  (I'iiLLIe) 2 XL 2 .89  3 .2 2 0 .3 3
PhP(MiPr 1 )2 I 2 .4p 2 .83 0 .3 8
PhP(0)(MHPpi ) 2 I I 2 . 1p 2 .p5 0 .4 0
I I I 1 .9 2  2 .5 3 0 . 6 l
PhP(KHEt)2 XT. V 2 .5 1  2 .8 2 O.31
PhP (0) ( i i iE t) 2 XV 2 .1 4  2 .5 4 0 .4 0
P hP (S )(M iE t)2 XVI 2 .0 0  2 .p 3 O.5 3
Ph P M ie  XII 2 .6 5  2 .8 8 0 .2 3
Pn2PrHPr 1 V III 2 .65 2 .72 O.O7
(H i P ) M e  XVII 2 .6 5 .— .
|Ph2P (0 l]  ^Vivle XVIII 2 .2 0  2 .6 6 0 .4 6
jlhipP (S 5J ^M e ^1x 1 .99  2 .7 2 0 .7 3
(Pn2P )2NEt XX 2 .6 5 ■— ■
( P n g P i ^ r /  : c a 2 .6 9 —
■2? ta k e n  as mid p o in t  o f each m u l t ip l e t .
XIV i n  w hich th e  phosphorus atom i s  f la n k e d  by two n i t r o g e n  atom s.
F o r th e  m ono-am inophosphines, XII and V III  and th e  d iphosphinoam ine 
XVIIthe chem ica l s h i f t  d i f f e r e n c e  i s  r e l a t i v e l y  sm a ll o r  z e ro .
I
One p o s s ib le  e x p la n a tio n  i s  t h a t  th e  p re se n c e  o f  two h ig h ly  
e le c t r o n e g a t iv e  n i t ro g e n  atoms in  th e  fo rm er compounds has  th e  e f f e c t  
o f  p la c in g  a g r e a te r  e f f e c t i v e  p o s i t iv e  charge  on phosphorus th a n  
w ould a  s in g le  n i t r o g e n  atom in  th e  l a t t e r  compounds.
83.
EXHSBBlShTAL
The compounds o f  g e n e r a l form ula PhP(X) (hHPj,1 ^  where
X = n o th in g , 0 ,  S , and Mel were prepared by th e  methods d e sc r ib e d
13
by Payne end co -w ork ers. Compounds VI end VII were prepared  
by th e  r e a c t io n  o f  e x c e s s  isop rop y lam in e  w ith  PhOP(0 )C l2 and 
M e2^P(0)Cl2 r e s p e c t iv e ly ,  in  benzene as s o lv e n t .  A fte r  f i l t r a t i o n  
and ev a p o r a tio n  o f  s o lv e n t ,  th e  products w ere p u r if ie d  by d i s t i l l a t i o n  
i n  v a c u o . P u r ity  was checked by in te g r a t io n  o f  th e  r e s p e c t iv e  
*H n .m .r .- s p e c tr a .
D i(isop rop y lam in o)p h en y lp h osp h in e  s e le n id e  ( IV) .
D i( isop rop y lan d .n o)phenylphosphine (2 .3 g ;  1 .0  m .m ole) was
h e a ted  under r e f lu x  f o r  10 m in s . w ith  se len iu m  (O.CSg; 1 .0  m .m ole)
i n  benzene (20 m l ) .  Removal o f  th e  benzene l e f t  a g r e y , waxy
s o l i d  which was r e c r y s t a l l i s e d  from n-hexane t o  g iv e  w h ite  p la te s  
, , 0
m . p .  4p .
(Pound: M, ^12H21^2?Se r e q u ir e s  M, 9 . 273) .
I so p ro p y la m in o d iphenylphosphine V I I I .
D ip h en y lch lorop h osp h in e ( 2 2 .lg ;  0 .1  m ole) was added dropw ise  
t o  isop rop y lam in e  ( e x c e s s )  in  n—pentane (200 m l ) .  F i l t r a t i o n  and 
e v a p o r a tio n  o f  s o lv e n t  l e f t  a d isc o lo u r e d  w h ite  s o l id  w hich was 
d i s t i l l e d  in  vacuo to  g iv e  a c le a r  l iq u id  ( b . p .  97 ~ 98 / lO “^mm.)
7rhich s o l i d i f i e d  on c o o lin g  to  a c r y s t a l l i n e  w h ite  s o l id  (m.p.  c a . 30° ) *  
(Pound: n ,  5.87®. ^15^ 18^  r e l ui res  5*3/ i )»
/ I  so p r o p y l-
Iso p ro iy lfim in o d ip h en y lp h o sp h in e  su lp h i de (IX ) .
V I I I ,  (0 .76g ; 3 m.mole) was shaken w ith  e le m e n ta l su lp h u r  
(o.ig- 3 m.mole) in  benzene (lp  m l) , f o r  5 m in s . E v a p o ra tio n  
o f  th e  s o lv e n t  l e f t  a w h ite  c r y s t a l l i n e  s o l id  which was 
r e c r y s t a l l i s e d  from n-hexane t o  g iv e  w h ite  p l a t e s ,  m .p . 73 -7 0  • 
(Found: -N, 4.9/®. ^13^ 18^ ^  r e q u i r e s  3 .1  fo ) .
Iso p ro p y la m in o d ip h e n y lphosph ine  m e th io d id e  ( x ) .
V I I I ,  (2.51g> I .O 3 m .mole) was shaken w ith  m ethy l io d id e  
( l .4 6 g ;  I .C 3 m .mole) i n  e th e r  {)0  m l.)  A d d itio n  o f  a c e to n e  to  
t h e  r e s u l t a n t  s o lu t io n  and c o o lin g  y ie ld e d  lu s t r o u s  w h ite  p la te s  
m .p . 119  -  121° .
(Found: N, 3 . 6)3. C ^ H ^ Ih P  r e q u ir e s  X, 3 . 6)3).
8 5 .
REPE8EHCB5 ♦
1 . H. 5 , Gutowsky, J .  Chem. P h y s .,  1 9 6 2 , 37 > 2196.
2 .  P . M. H air and J . P . R o b e r ts , J .  Amer. Chem. S oc . , 1957?
7 9 , 4 5 6 5 .
3 . J  . A. P o p le , k b l . P h y s. ,  1958, 1 , 3*
4 .  J .  S . Y/augh 8nd P . A. C o tto n , J .  P hys. Chem., 1 9 6 1 , 6 5 ,
5 6 2 .
5 . E . I .  Snyder, J .  Amer. Chem. S o c ., 19^3 j 8 5 , 2624.
6 . E . I .  Snyder, J .  Amer. Chem. S oc, ,  1 9 6 6 , 38_, 1155*
7 . Buza and E . I .  S nyder, J .  A uer. Chem. Soc. ,  1 9 6 6 , 8<3, l l 6 l .
8 . G. M. W h ite s id e s , P . H o ltz  and J .  P . R o b e rts , J .  Amer. Chem. S o c .,
1 9 6 4 , 8 6 , 2 6 2 8 .
o . N# S. Bowman, P . E . R ic e , and B. R, S w itz e r , J .  Amer. Chem. S o c .,
1 9 6 5 , a / ,  4 4 7 7 .
1 0 . C. Van der V l i e s , R ec. T ray . Chini . , 1967 , 84 , 1239-
1 1 . H . J .  Jak o b sen , P . Madsen, and S~0. Lav/esson, T e tra h e d ro n ,
1 9 6 6 , 2 2 , 1 8 5 1 .
1 2 . M. P . Sim onnin, J .  J .  B a s s e l i e r ,  and C. C h a r r ie r ,  B u l l .  Soc. Chim. ,  
P ra n c e , 1 9 6 7 > 3544.
1 3 . A. P . Lane, P . A. M orton-B lake, and P . S. Payne, J . Chem. S oc. (A ),
1 9 6 7 , 1492 .
14 . M. Saunders and P . Yamada, J .  A ner. Chem. Soc. ,  1 9 6 3 * 85_> 1882.
I p .  R . A, H y q u is t, Spectroch im . A cta , 1 9 6 3 * 713*
/ l o .
86 .
1 6 . J .  V. H a tto n  and R. E , R ic h a rd s , M ol. P h y s .,  i 9 6 0 , 3 , 253*
17* J .  V. H atton  and R. E . R ic h a rd s , Mol. P h y s .,  1 9 6 2 , 5 ,  139*
1 8 . W. G. S chneider and L . \Y. R eeves, Canad. J .  Chem. ,  1957,
3 5 , 2 5 1 .
1 9 . J .  W. fins l e y , J .  Feeney , and L. H. S u t c l i f f e ,  “High R e s p lu tio n  
N u c lea r M agnetic Resonance S p e c tro sc o p y " , V ol. 1 , Pergamon 
P r e s s ,  1965*
20. P . L. C o rio , Chem. R e v ., i 9 6 0 , 6 0 , 3 6 3 *
21 . R. A. Ogg and J . P . Ray, J .  Chem. P h y s . ,  1957, _26, 1340.
2 2 . G .M a r t in  and G. M avel, Com pt.Rend., 1 9 6 2 , 2095 •
2 3 . A. H. Cowley and R. P . P in n e l l ,  J .  Amer. Chem. S o c .,  1 9 6 5 ,
8 7 , 4 4 5 4 .
24. J .  B. H en d rick so n , M. L'. Maddox, J .  J .  Sim s, and H. D. K aesz , 
t e t r a h e d r o n , 1 9 6 4 , £ 0 , 449 .
2 5 . H. H. J a f f e ,  L. D. Freedman, and G. 0 . Doak, J .  Amer. Chem. S o c .,
1953, 75 , 2 209 .
26 . C. E . G r i f f in  and R. A. P o lsk y , J .  Org. Chem ., 1 9 6 1 , 2 6 , 4472.
2 7 . J .  A. P o p le , W. G. S c h n e id e r, and H. J .  B e rn s te in ,  High
R e so lu tio n  N u clea r M agnetic R esonance, M cG raw -H ill, New P o rk , 1959-
2 8 . G. V7. Sm ith , J .  Mpl. S p e c tro sc o p y , 1964, j L 2 ,  146.
2 9 . G. E w art, A, P . Lane, J .  M cRechnie, and D. S . Payne,
J .  Chem. S o c .,  1964, 1543.
C H A P T E R  5 .
THE MASS SPECTRA OF FA CSFHOBENZEHE AND OF 
SOiiS METHYLAMING SUBSTITUTED HIOSFHINES.
To d a te ,  few p u b lic a t io n s  on th e  mass s p e c tr a  o f  o rgano—
phosphorus compounds have appeared  in  th e  l i t e r a t u r e .  The m ost
d e t a i l e d  in v e s t ig a t io n s  have been concerned  m a in ly  w ith  th e  s p e c t r a
o f  th e  e s t e r s  o f  phosphorus and phosp h o ric  acids'*" and a lk y l
2s u b s t i t u t e d  p h o sp h in es . The fo llo w in g  b r i e f  accoun t o f  a v a r ie ty  
o f  pheny l s u b s t i tu t e d  phosph ines and am inophosphines i s  by no means 
a  f u l l  t re a tm e n t o f th e  s u b je c t ,  b u t i t  i s  hoped t h a t  i t  Y d.ll se rv e  
t o  i l l u s t r a t e  th e  main f e a tu r e s  o f th e  s p e c t r a  o b ta in e d  and as such 
be o f  u se  in  f u tu r e  as an a id  to  s t r u c t u r a l  d e te rm in a tio n  o f  more 
com plex sy stem s. F u rth e rm o re , in  view o f  th e  c u r re n t  i n t e r e s t  i n  
th e  mass s p e c tr a  o f t r a n s i t i o n  m e ta l c a rb o n y l com plexes, i t  i s  
e s s e n t i a l  t h a t  th e  c ra c k in g  p a t te rn s  o f  th e  f r e e  lig a n d s  a re  
e s t a b l i s h e d .
T his s tudy  i s  d iv id e d  in to  th r e e  s e c t io n s ,  th e  f i r s t  d e a lin g  
i / i t h  phosphobenzene (form  A) and shav in g  th e  u se  o f  mass 
sc e c tro sc o p y  in  th e  a n a ly s is  o f t h i s  ’compound1 . The mass spectrum  
o f  -ohosphobenzene i s  th e n  d e a l t  w ith  in  g r e a t e r  d e t a i l  to g e th e r  w ith  
a  number o f  phosphines which show th e  same rea rran g e m en t p ro cess  — 
nam ely phenyl m ig ra tio n s  from  one phosphorus atom to  a n o th e r , 
F in a l ly ,  th e  c ra c k in g  p a t te rn s  o f  a v a r i e ty  o f  am inophosphines
/c o n ta in in g
c o n ta in in g  th e  P-NMe group  w i l l  he d is c u s s e d  in  th e  l i g h t  'o f  
h y d ro g en  m ig ra tio n s  to  p hospho rus.
A com plete mass s p e c t r a l  in v e s t ig a t io n  w ould , o f  c o u rs e , 
in v o lv e  th e  unambiguous assignm en t o f  fragm en t io n s  by th e  te c h n iq u e  
o f  mass m easurem ent and i t  m ust be em phasised t h a t  ass ig n m en ts  a re  
made h e re  on ly  on th e  b a s is  o f  th e  m ost p ro b a b le  s t r u c t u r e s .
E X P E R B ^ T A L
A ll s p e c t r a  w ere o b ta in e d  on th e  A .S .I .  MS-9  mass sp e c tro m e te r
w ith  a nom inal io n i s in g  e le c t r o n  v o lta g e  o f  ~J0 e .v .  and a h e a te d
i n l e t  system  te m p e ra tu re  o f 2 0 0 -250°. Compounds s tu d ie d  w ere
p re p a re d  by th e  m ethods d e sc r ib e d  in  th e  l i t e r a t u r e  w ith  th e  e x c e p tio n
o f  X II w hich was s y n th e s is e d  by th e  r e a c t io n  o f  m e th y lp h e n y lc h lo ro -
p h o sp h in e  w ith  excess  m ethy lam ine. I t  i s  a c o lo u r le s s  l i q u id  
o 2
( b .p .  32 -55 a t  10 mm.). The p re p a ra t io n  o f  X III i s  d e s c r ib e d  
e lse w h e re  in  t h i s  t h e s i s B  Phosphobenzene was i s o l a t e d  as a by­
p ro d u c t in  th e  d i s t i l l a t i o n  o f  d i(e th y lam in o )p h en y lp h o sp h in e  and 
p u r i f i c a t i o n  was ach iev ed  by c r y s t a l l i s a t i o n  from a c e t o n i t r i l e .  
T rip h en y lp h o sp h in e  ( I I )  and e th y le n e b i s (d ip h e n y l)phosphine (VI) 
v /ere o b ta in e d  co m m erc ia lly .
The p a r t i a l  mass s p e c tr a  o f  th e  compounds s tu d ie d  a re  g iv e n  
i n  P i g s . 1 -1 3  and th e  p a r t i a l  c ra c k in g  p a t te r n s  w ith  p o s s ib le  
a ss ig n m en ts  in  T ab les 1-3*
PHOSPtiOfcEiM'ZEi'iE
Phosphobenzene, (PhP)n , was f i r s t  i s o l a t e d  abou t one hundred
4
y e a r s  ago by K ohler and M ic h a e lis  who a ss ig n e d  i t  th e  fo rm u la
PhP=FPh by analogy  w ith  azobenzene. S ince  th e n  th e r e  has been
c o n s id e ra b le  c o n tro v e rsy  as to  th e  e x a c t n a tu re  o f  th e  system  o f
v/hich th e r e  a re  a t  l e a s t  fo u r  m ain forms f a l l i n g  in to  d i f f e r e n t
5
m e lt in g  p o in t  r a n g e s .  Cowley, in  a r e c e n t  re v ie w , h as  d e t a i le d  
th e  ch em ica l and p h y s ic a l  p r o p e r t i e s  o f  th e  phosphobenzene system  
i n  g e n e r a l ,  b u t t h i s  d is c u s s io n  w i l l  be l im i te d  to  form A 
(m .p. 149-15^ ) w h ic h a l th o u g h  th e  m ost w id e ly  s tu d ie d ,  i s  s t i l l  
th e  s u b je c t  o f  some c o n tro v e rsy .
C ryoscop ic  m o le c u la r  w eig h t d e te rm in a tio n s  in  benzene have 
alw ays su g g es ted  phosphobenzene to  be te t r a m e r ic  (PhP)^, w h ile  a 
v a r i e ty  o f  r e a c t io n s  c a r r i e d  o u t under d i f f e r e n t  c o n d i t io n s  le d  to  
p ro d u c ts  c o n ta in in g ,  f i v e ,  fo u r  and three-m em bered r i n g s .  For 
exam ple ,^  r e a c t io n  o f  form  A w ith  chromium, molybdenum and tu n g s te n
Oh ex a c a rb o n y ls  i n  an ev acu a ted  s e a le d  tu b e  a t  1 4 0 -lp 0  gave th e  
p ro d u c ts  (PhP)^Cr(CO)^, (PnPj^molCO)^ and TPhPj^V/fCO)^ r e s p e c t iv e ly .  
W ith in c lu s io n  o f  s o lv e n t ,^  u s u a l ly  benzene, th e  com plexes c o n ta in e d  
th e  phosph ine  as a pen tam er. th e  absence o f  s o lv e n t ,  form  A
r e a c t s  w ith  n ic k e l  c a rb o n y l in  vacuo a t  0 to  g iv e  (PhP)^K i(CC)^ 
w h ile  i n  benzene a t  15° th e  p ro d u c t was i d e n t i f i e d  as (PhP)4ATi(CO
/P u r th  erm ore
91.
F u rth e rm o re , r e a c t io n  o f  form A w ith  boron t r i f l u o r i a e ^  a t  0°  in  
benzene s o lu t io n  r e s u l t e d  in  fo rm a tio n  o f  a compound w ith  th e  e m p ir ic a l 
fo rm u la  (PhP)^BFo.
I t  can  be deduced from  th e  above o b se rv a tio n s  t h a t
(a )  r e a c t io n  c o n d itio n s  a re  v e ry  c r i t i c a l ,  and
(b) some p ro cess  o f  r in g  s i z e  in te rc o n v e r s io n  i s  ta k in g  p la c e .
R ing s iz e  in te rc o n v e r s io n  v/as f i r s t  observed  by Burg and M ahler‘S  
i n  th e  (CF^)P)^ sy stem . They found t h a t  tr im e th y la m in e  o r 
tr ira e th y lp h o sp h in e  speeded  up th e  co n v e rs io n  (CP^P)^ -----> (CF^P)^ and
i s o l a t e d  th e  in te rm e d ia te  MeoP=PCF^. ’//hen (PnP)n i s  r e c r y s t a l l i s e d
11 32from  donor s o lv e n ts  such as a c e t o n i t r i l e  o r te t r a h y d ro fu ra n  ' th e
c r y s t a l l i n e  s o l id  o b ta in e d  i s  found to  be pent&meric and an X -ray
a n a l y s i s ^  o f th e  m a te r ia l  from  a c e t o n i t r i l e  (m .p .150° )  showed i t  to
h av e  an a lm ost p la n a r  r in g  s t r u c t u r e .
Ang and West^ have su g g es ted  t h a t  r in g  expansion  in  th e  r e a c t io n
o f  (PhP )4  w ith  c e r t a in  t r a n s i t i o n  m e ta l c a rb o n y ls  may ta k e  p la c e  v ia
in te rm e d ia te s  o f  th e  ty p e  PhP;M(C0)n . . However, r in g  expansion
h a s  been observed^  sim ply  by h e a t in g  form A in  benzene and th e
p ro d u c tio n  o f p h en y lp h o sp h in id in e  r a d ic a l s  on h e a t in g  th e  s o l id
m a te r i a l  was p o s tu l a t e d ^  on th e  b a s is  o f  t r a p p in g  ex p erim en ts  w ith
d ie th y l  d is u lp h id e :
( n f . S ) 2
(PhP)n --------------------- > PhP: ------------------------ » P n P (S S t)2
/R in g
R ing c o n t ra c t io n  has been o b served  by B aud ler end co -w orkers 
who re c o rd e d  th a t  th e  m o le c u la r  w e ig h t o f  form  A (m .p. 150° on 
c r y s t a l l i s a t i o n  from te tr a h y d ro fu ra n )  f e l l  ov er a p e r io d  o f  th r e e  
w eeks from  around 540 to  320  even when th e  s o l id  m a te r ia l  was s to r e d
o I-.u n d e r n i t r o g e n  a t  -18 (m .y. d e te rm in a tio n s  were c a r r ie d  o u t
c ry o s c o p ic a l ly  in  b en ze n e ). A mass spectrum  o f  th e  m a te r ia l  w ith
th e  approx im ate m o lecu la r  w e ig h t o f  th e  te tra m e r  showed th e  p a re n t 
io n  to  be (Rh-PL*. Peaks w ere a ls o  o b served  c o rre sp o n d in g  to
r  ' 2
(ShP )4  and (P h P g  T hat (PhPU  was in d e e d  p re s e n t  i n  th e  sam ple 
and had  n o t  been form ed by th e rm a l d is s o c ia t io n  o f  th e  pentam er in  
th e  mass sp e c tro m e te r  v/as shown by in c re a s in g  th e  te m p e ra tu re  o f  th e  
i n l e t  system  whereby th e  peak co rre sp o n d in g  to  (PhP)<_+ in c re a s e d  
r e l a t i v e  to  (BhP)^ .
In  view  o f  th e  f a c t  t h a t  (P hP )^  > (PhP)^ r in g  exp an sio n  may
ta k e  p la c e  in  th e  h e a te d  i n l e t  system  o f  th e  mass s p e c tro m e te r , i t  
can n o t be s t a t e d  w ith  any g r e a t  c e r t a in t y  t h a t  (PhP)^ vr&s a
c o n s t i t u e n t  o f th e  o r ig i n a l  sam ple. However, by em ploying com parable
, o v 15 16i n l e t  system  te m p e ra tu re s  ( 2CG J , both  H enderson and Ang
re c o rd e d  (PnP)^+ as th e  p a re n t io n  in  th e  mass spectrum  o f  sam ples 
w ith  a  m o le c u la r  w e ig h t in  benzene co rre sp o n d in g  to  th e  te tr a m e r .
T his w ould ten d  to  r u le  o u t th e  p o s s i b i l i t y  o f  r in g  ex p an sio n  in  th e  
mass sp e c tro m e te r .
/ - 0The mass spectrum  o f  a sam ple o f phosphobenzene (m .p. 14 '/-153 
011 r e c r y s t a l l i s a t i o n  from  a c e t o n i t r i l e ;  (c ry o sco p ic  in  benzene)
/45 0)
4^0) ru n  on th e  A .E .I .  MS-Q in s tru m e n t (h ea ted  i n l e t  te m p e ra tu re  
200 - 250°) confirm ed  th e  e x is te n c e  o f  ( F h P )^  as th e  p a re n t io n  
( r e l a t i v e  abundance l 6 . 2y<?). (PhP)^ (34.8/5) and (PnP)2 ( 8 .4 / )
w ere a l s o  o b serv ed . (PnP)^ , how ever, was p re s e n t  on ly  to  th e  
e x te n t  o f  2«37i,« T his r e s u l t  was n o t ex p ec ted  s in c e  th e  m a te r ia l  
ap p ea red  to  be th e  te tr a m e r  on th e  b a s is  o f  c rv o sc o p ic  m o le c u la r  
w e ig h t d e te rm in a tio n s  in  benzene. (H enderson n o te d  t h a t  th e




I n  view  o f  "the f a c t  t h a t  bo th  H enderson and Ang re c o rd e d  
t h e  mass spectrum  o f  m a te r ia l  which had n o t been r e c r y s t a l l i s e d  
from  donor s o lv e n ts ,  i t  would appear t h a t  (PhPL i s  n o t a
5
c o n s t i tu e n t  o f  such a sam ple. This i s  o b ta in e d  on ly  by 
c r y s t a l l i s a t i o n  from donor s o lv e n ts  such as a c e t o n i t r i l e  o r  
te t r a h y d ro fu ra n  o r u n d er c e r t a in  r e a c t io n  c o n d i t io n s .  I t  would 
ap p e a r t h a t  mass sp e c tro sc o p y  can  be u sed  to  d e te c t  th e  p resen ce  
o f  (PhP )5 s in c e  t h i s  does n o t seem  to  be form ed by r in g  expansion  
i n  th e  i n l e t  system .
F u rth e rm o re , (PhP)n appears to  e x i s t  as p a re  (Ph?)^  on ly  when 
i t  i s  f r e s h ly  r e c r y s t a l l i s e d  from  donor s o lv e n t s .  I t  su b se q u e n tly  
u n d erg o es  some p ro cess  o f  r in g  c o n t r a c t io n  to  g iv e  p o s s ib ly  (PnP)^ 
and a lm o st c e r t a in l y  (PhP)^. This would accoun t f o r  th e  f a c t  t h a t  • 
a l l  sam ples o f  phosphobenzene (form A) appear to  be te t r a m e r ic  in  
b en ze n e , th e  m o lecu la r w e ig h t o h ta in e d  b e in g  an average v a lu e  fo r  
a l l  th e  s p e c ie s  p r e s e n t .
I t  rem ains to  c l a r i f y  th e  p ro c e sse s  by w hich r in g  ex p an sio n  and 
c o n t r a c t io n  ta k e  p la c e .
MASS SHTCTRUM OF HI05rHQBENZENE
The mass spectrum  o f  phosphobenzene is  w orth  f u r th e r  d is c u s s io n  in  
v iew  o f  th e  v a r ie ty  o f  phenyl m ig ra tio n s  which a re  o b se rv ed  to  ta k e  
p la c e .  Such m ig ra tio n s  have been observed  in  th e  mass s p e c t r a l  
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— > Ph2P.PPn2 * 
(m/e 37° )
j ? *  Ph^P*
(m/e 2 6 2 )
-> Pll3P2- 
(m/e 2 9 3 )
P h g P *  __________ ^ 2 ;  C12H8P +
(m/e 185 ) (m/e 183)
D ecom positions 1 and 2 a re  c o n s id e re d  to  be 1 ,2  -  rea rran g e m en ts
w h ile  3 4 a re  1 ,3  -  re a rra n g e m e n ts .
The mass spectrum  o f  phosphobenzene has been in t e r p r e t e d  in
te rm s  o f  1 , 2 -p h en y l m ig ra tio n s  and th e  rea rran g e m en ts  f o r  which
th e r e  i s  ev id en ce  f o r  m e ta s ta b le s  a re  g iv e n  in  Table 1 . In  a l l
b u t  two o f  th e s e  p ro c e s se s  th e  fragm en t e l im in a te d  i s  th e  m o lecu le  Pg
19T hat e l l  azobenzenes 7 so  f a r  s tu d ie d  can decompose by pheny l 
m ig ra t io n  and e l im in a t io n  o f  ^  i s  perhaps o f  g r e a t e r  h i s t o r i c a l  th e n  
m ass s p e c t r a l  i n t e r e s t  s in c e  M ic h a e lis  f i r s t  a s s ig n e d  th e  phospho­
benzene system  th e  fo rm u la  PhP=PPh by analogy  w ith  azo b en sen e .
Prom Table 1 i t  can be seen  t h a t  no m e ta s ta b le s  a re  observed  fo r
th e  t r a n s i t i o n s  (PhP)^ ----- >(PnP)4 , (PhP )4  > (Pn?)^ , and
(PhP)p ——^ (F n P )^ , This le n d s  su p p o rt t o ,  b u t does n o t co n firm , th e  
id e a  t h a t  (PhP)^, (PhP)^ , and (F h P j^ a r e  c o n s t i tu e n t s  o f  th e  sample








+ FnP = M e
(ra/e 3 9 9 )
+
PhoP*





+ PhP = 0
(m/e 33o)
b e fo re  in t ro d u c t io n  to  th e  mass sp e c tro m e te r .
OTHER HIBtfYL ItlJRATI Qi'lS.
T e trap h en y ld ip h o sp h in e  monoxide a ls o  shows th e  1 , 2 -p h e n y l 
m ig ra tio n  w ith  e l im in a t io n  o f  th e  s p e c ie s  PhP-0 (T able 2 ) ,  w h ile  
exam ples o f  1 , 3-  rea rran g e m en ts  a re  to  be found in  th e  s e r i e s  o f  
d iphosph inoam ines (P h g P )^ ^ *  bo th  th e  exam ples c i t e d ,  th e
n e u t r a l  fragm en t e l im in a te d  i s  th e  s p e c ie s  PhP=RR, v/here 3 = H o r Me, 
th e  d au g h te r io n  form ed being  (Pn^P)+ .
E th y le n e b is (d ip h e n y lp h o sp h in e )  shows bo th  a 1 , 2 -  and a 1 ,4 -  
m ig ra tio n  in . i t s  c ra c k in g  p a t t e r n .  The fo rm er in v o lv e s  e l im in a t io n  
o f  th e  p h en y lp h o sp h in id in e  r a d i c a l  w ith  phenyl m ig ra tio n  to  carbon  
and fo rm a tio n  o f  th e  sp e c ie s  (Pl^PCH CH^Ph) w h ile  th e  l a t t e r  has 
been in t e r p r e te d  as fo l lo w s :
+
Ph Ph
^ P  —  CH*—  CH0----P
/  2 2 \
Ph Ph
Pn^ P+* + Pn— P,
JpH2 
/ I  2
N
CH2
The th r e e  membered r in g  sp e c ie s  i s  p roposed  as th e  m ost l i k e l y  
s t r u c t u r e  f o r  th e  fragm en t PhPfCHg^*
E th y le n e b is ( d ip h e n y lp h o sp h in e ) a ls o  shews lo s s  o f  e th y le n e  from th e
18p a re n t  io n .  This p ro cess  has been observed  by Lewis and c c -7/o rk e rs
i n  th e  mass spectrum  o f th e  complex ^  and i s
ana logous to  r e a c t io n  3 above and a lso  to  th e  e l im in a t io n  o f  su lp h u r
24
from  d ip h e n y ld is u lp h id e .
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OTHER P R O C E SSE S
A c h a r a c t e r i s t i c  f e a tu r e  o f  th e  mass s p e c t r a  o f  p o ly p h en y l
on th e  b a s is  o f  th e  beh av io u r o f  a number o f  d ip h en y l s u b s t i t u t e d
The p a r t i a l  mass s p e c tr a  a re  g iv e n  in  P ig s .  7 - 1 3  th e  
o b se rv ed  decom position  pathways w ith  p o s s ib le  a ss ig n m en ts  a re  
o u t l in e d  in  T ab le 3*
The m ain decom position  pathway in  a l l  c a se s  i s  lo s s  o f  a r a d i c a l  
(MegN, MeHH, Me o r  Ph) fo llo w ed  by hydrogen m ig ra tio n  and in line 
e l im in a t io n  (ex cep t IX) e .g .
s u b s t i t u t e d  phosph ines and am inophosphines i s  th e  e l im in a t io n  o f  
from  th e  h ig h  abundance io n  (P h^P )* (m /e l3p ) . The r e s u l t i n g  h ig h  
abundance sp e c ie s  (m /e l8 3 ) has been a s s ig n e d  th e  s t r u c t u r e :
{ )o rg a n ic  compounds e g . benzophenone' w here e l im in a t io n  o f  a m o lecu le  
o f  hydrogen to  g iv e :
II
0
i s  fo lia ,v e d  by lo s s  o f  CO to  form  th e  b ip h en y len e  io n .
AvMXCPHCSP11INES CCiffALMIEG THE CROUP.
-> (Me2 ^ ) 2 ?+
+















































F ig ,.  7 M ass s p e c tr u m  o f  t r i s  (D im eth y la n r i.n o ) p h o s p i i in e
6a
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F i g , 1 3 M ass s p e c t r u n  o f  D im e th y la m in o p h en .y l p h o s p h i n e
T h is  b eh av io u r i s  a t  f i r s t  s i g h t  ve ry  s im i la r  to  th e  c ra c k in g
29p a t t e r n s  o f  many secondary  and t e r t i a r y  amines -which undergo
-c le a v a g e  fo llo w ed  by a 1 , 3-hydrogen  m ig ra tio n  to  n i t r o g e n  and
30
a lk e n e  e l im in a t io n ,  e .g .
Me Me Me Me
J _E t Me «CH2=CHMe |
CH —  N — C H g E t ---------- >■  CH +  v - ------------------H — J S = C H g




I n  a l l  th e  am inophosphines s tu d ie d ,  hydrogen  m ig ra tio n  to  
n i t r o g e n  w ould in v o lv e  a 1 ,4 -  s h i f t ,  e .g .
+ p ,  JCH2 =NMe +
J L P _  %. Me oN-P:U e2K=i=F
<• \ ,  NMe H
\  y
I n  view  o f  th e  u n l ik e ly  e x is te n c e  o f  th e  pho3phinidine-am m onium
c a t io n ,  Me2^-P* a mechanism in v o lv in g  hydrogen  m ig ra tio n  to  phospnorus 
E
has been invoked :
2
99.







and t h i s  may account f o r  t h e i r  h ig h  ab u n d an c ies . I n  f a c t  a l l  
d a u g h te r  io n s  which r e t a i n  th e  P-N u n i t  a re  p re s e n t  in  h ig h  
r e l a t i v e  abundance.
P im ethy lam inodim ethy lphosphine (IX) decomposes i n i t i a l l y  to  
g iv e  th e  io n  Me.HTieg . (The su b seq u en t c ra c k in g  p a t t e r n  o f  t h i s  
io n  i s  in d ep en d en t o f  w hether i t  i s  g e n e ra te d  from IX o r V III  
su g g e s tin g  th a t  i t s  s t r u c tu r e  i s  as w r i t t e n  and n o t th e  iso m e ric  
'M©?PMie+ .)  The p ro d u c t o f in line  e l im in a tio n  from MePXMe^* ( r e l a t i v e  
abundance, l00/>) w ould be th e  sp e c ie s  MePii { i u / e 4 j ) .  In  c o n t r a s t  
t o  th e  rea rran g em en t io n s  from  V II and V I I I ,  t h i s  i s  p re s e n t  to  a 
c o m p a ra tiv e ly  sm all e x te n t  (^10 /c ) . I t  i s  perhaps s i g n i f i c a n t  t h a t  
t h i s  i s  th e  on ly  rea rran g em en t io n  w here s t a b i l i s a t i o n  th ro u g h  
c o n ju g a tio n  i s  n o t p o s s ib le .  -^o m e ta s ta o le  i s  observed  f o r  fo rm a tio n  
o f  MelK from b u t th e r e  i s  ev idence  f o r  th e  p ro cess
ro/eQO — —> m /ec2 . The l a t t e r  sp e c ie s  has been a c c u ra te ly  mas3
+ +
m easured  to  be Me^fK and hence th e  fragm ent e l im in a te d  i s  ,
a  sp e c ie s  i s o e le c t r o n ic  vrith  CO.
The phenyl s u b s t i tu t e d  compounds may fragm en t by lo s s  o f  e i t h e r  
a  pneny l o r  an anuno r a d i c a l .  A gain, a l l  io n s  w hich r e t a i n  th e  P—N
/ u n i t
100,
u n i t  a re  p re s e n t  in  h ig h  r e l a t i v e  abundance. However, P-H bond 
c le a v a g e  may occur w ith o u t lo s s  o f  io n  s t a b i l i s a t i o n  s in c e  th e  
ph en y l g roups them selves a re  c o n ju g a tin g  e .g .
®20 rea rran g em en t io n  HPPh i s  p re s e n t  in  h ig h  abundance in  a l l  th e
p h en y l compounds c i t e d .
S t a b i l i s a t i o n  by c o n ju g a tio n  has been proposed  by O ccolow itz
and White'*' f o r  th e  io n s  HPOlle* and PlCMe}^* observed  in  h ig h
abundance in  th e  mass spectrum  o f  t r im e th y l  p h o sp h ite . The c ra c k in g
p a t t e r n  o f  t h i s  compound i 3 b a s ic a l ly  r a d ic a l  lo s s  fo llo w ed  by
form aldehyde e l im in a t io n .  However, rea rran g e m en t doe3 ta k e  p la ce
t o  some e x te n t  in  th e  prim ary  p ro cess  and th e  io n  HP(Ghe)2 i s
2o b se rv e d . In  th e  ex trem e c a s e ,  t r ie th y lp h o s p h in e  decomposes alm ost 
e n t i r e l y  by a s e r i e s  o f  hydrogen m ig ra tio n s  to  phosphorus;
J3H~=CH0 -CHo =CHo
t p ( s t )3   ----------^  ]T *P (E t)2 — -------------- - >  H g ’ PSt
Of th e  compounds c i t e d  h e re ,  m ethy lam inod ipheny lphosph ine i s  th e  on ly  
compound to  show a rea rran g em en t io n  in  th e  p rim ary  p ro c e s s ;
e t c .
The second p ro c e ss  i s  b e l ie v e d  to  in v o lv e  hydrogen m ig ra tio n
from  a  phenyl group  to  phosphorus v /ith  e l im in a t io n  o f  a benzyne
m o le c u le . The d au g h te r io n  th e n  lo s e s  a m ethylam ino r a d ig a l  to  
+
g iv e  th e  io n  HPPn (re/elC9 ).
Why th e  prim ary  p ro c e ss  sho u ld  in v o lv e  a hydrogen m ig ra tio n  
o n ly  i n  c e r t a in  c a se s  m ust rem ain  a m a tte r  o f  c o n je c tu re  s in c e  
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'H n .m .r .  s p e c tr a  w ere ru n  on th e  P e rk in -E lm er R .lO  
sp e c tro m e te r  (60 M c /se c .)  and on th e  V arian  A sso c ia te s  PIA—lOO 
in s tru m e n t .  S o lu tio n  c o n c e n tra t io n s  were g e n e ra l ly  o f  th e  o rd e r  
2 -  5 /*>» Meat l i q u id  sam ples v^ere p re p a re d  by d i r e c t  
d i s t i l l a t i o n  in to  an n .m .r .  tu b e  and s e a l in g  o f f  i n  v acu o .
v a lu e s  v/ere c o n se q u e n tly  determ ined  by open ing  th e  tu b e s  
i n  a d ry -b o x , in tro d u c in g  HIS, and re ru n n in g  th e  spec tru m .
R o u tin e  in f r a - r e d  s p e c tr a  w ere reco rd ed  as N u jo l M ulls 
on th e  P e rk in -S lm er 237 in s tru m e n t.  The f re q u e n c ie s  quo ted  h e re  
v/ere m easured on th e  P erk in -E lm er 357 o r ° n t b e SP-100 
in s t r u m e n t .
N itro g e n  a n a ly se s  v/ere c a r r i e d  o u t by Mr. Cameron (Glasgow) 
and c a rb o n , hydrogen , and phosphorus e t c . ,  by A. B e rn h a rd t, 
M ulheim , V/. Germany.
1 0 6 .
SUMMARY.
The am inophosphines,







( i ) m i
have been p rep ared  by th e  fo llo w in g  r e a c t io n  scheme:
( l )  PhPCl2 + 4RNH2  *PhP(JNH3)2 + 2EMH^+Cl
(2) 2PhPCl2 + PhP(WHR)2 + 2 E ty i ------» PhP(CR.PPh2 )g + 2Ety'IH+Cl~
U sin g  n -p e n ta n e  as s o lv e n t ,  g r e a t ly  im proved y ie ld s  o f  th e  
in te rm e d ia te s  PhP(WHR) , w here R = Me a id  E t ,  have been o b ta in e d .
R e a c tio n  o f  ( I )  and ( I I )  w ith  excess m ethy l io d id e  in  
e th e r  y ie ld s  on ly  a m ono-adduct in  each c a s e ,  q u a te r n is a t io n  
o c c u r r in g  a t  a te rm in a l  phosphorus atom. In  th e  absence o f  
e t h e r ,  th e r e  i s  ev id en ce  f o r  f u r th e r  q u a te r n is a t io n  b u t th e  
e a se  o f  h y d ro ly s is  o f  th e  p ro d u c ts  has p re c lu d e d  s a t i s f a c t o r y  
a n a ly s e s .
The s tep w ise  a d d i t io n  o f  su lp h u r to  ( I )  has r e s u l t e d  in  
th e  i s o l a t i o n  o f on ly  th e  d i -  and th e  t r i s u l p h i d e s , th e  
s t r u c t u r e  o f  th e  d is u lp h id e  h av in g  been shown by fH n .m .r .  
sp e c tro sc o p y  to  be:
S u lp h u ra tio n  o f I I  p roceeds i n i t i a l l y  a t  a te rm in a l  phosphorus 
atom b u t th e  s t r u c tu r e  o f  th e  d is u lp h id e  has n o t been w e ll  
e s t a b l i s h e d .
Both ( I )  and ( I I )  r e a d i ly  re p la c e  th r e e  m olar e q u iv a le n ts  
o f  carbon  monoxide in  t h e i r  r e a c t io n s  w ith  droup  V Ib c a rb o n y ls . 
The p ro d u c ts  have been shown by in f r a - r e d  sp ec tro sco p y  to  be 
th e  c i s ~ t r i s u b s t i t u t e d  com plexes.
A *H n .m .r .  in v e s t ig a t io n  in to  th e  so u rce  o f  m agnetic  
n o n eq u iv a len c e  o f  th e  iso p ro p y 1-m ethy l p ro to n s  in  th e  s e r i e s  
o f  compounds, IliP(XHPr ) X, w here X = n o th in g , 0 ,3 ,S e  and M el, 
in d i c a te s  a  r e l a t i o n s h ip  betw een th e  m agnitude o f  n o n eq u iv a len ce  
and th e  r a t e  o f  p ro to n  exchange a t  n i t r o g e n .  T h is , i n  tu r n ,  
ap p ea rs  t o  a f f e c t  th e  r a t e  o f  in v e rs io n  a t  th e  n i t ro g e n  a to m s.
I n  th e  same s e r i e s  o f  compounds, a r e l a t i o n s h ip  appears to  e x i s t  
betw een th e  chem ical s h i f t  o f  th e  o r th o - p ro to n s  o f  th e  phenyl 
g roup  and th e  e f f e c t iv e  p o s i t i v e  charge on phosphorus. R eference 
i s  made h e re  to  th e  'H n .m .r .  s p e c tr a  o f  a v a r ie ty  o f  
am inophosphines p rep a red  in  th e  co u rse  o f  t h i s  w ork.
The mass s p e c t r a l  c ra c k in g  p a t te r n s  o f  a v a r i e ty  o f  
m e th y l s u b s t i tu t e d  am inophosphines have been e lu c id a te d .  The
h ig h  r e l a t i v e  abundance o f  io n s  w hich r e t a i n  th e  P-tf u n i t  i s  
a t t r i b u t e d  to  resonance s t a b i l i s a t i o n  in v o lv in g  s t r u c tu r e s  o f  
th e  fo llo w in g  ty p e :
